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ABSTRACT
AN INVESTIGATION OF SYNTHETIC ROUTES TO 




S u b s t i t u t i o n  r e a c t i o n s  o f  t h e  SN2 '  t y p e  h a v e  b e e n  
o b s e r v e d  t o  f o l l o w  a c i s  s t e r e o c h e m i s t r y :  t h e  d i s p l a c i n g
g r o u p  w i l l  e n t e r  t h e  m o l e c u l e  c i s  t o  t h e  d e p a r t i n g  s u b ­
s t i t u e n t  .
I t  was d e c i d e d  t o  s y n t h e s i z e  t r a n s - 6 - h y d r o x y m e t h y l -
2 - c y c l o h e x e n y l  2 , 6 - d i c h l o r o b e n z o a t e .  I n  t h e  d i a x i a l  c o n ­
f o r m a t i o n ,  t h i s  w o u ld  b e  s e t  up t o  u n d e rg o  an  i n t e r n a l  
a b n o r m a l  n u c l e o p h i l i c  d i s p l a c e m e n t ,  o r  r e a c t i o n ,  w i t h
t h e  i m p o r t a n t  d i f f e r e n c e  t h a t  t h e  s t e r e o c h e m i s t r y  i s  t h e  
r e v e r s e  o f  w ha t  i s  n o r m a l l y  e x p e c t e d .  I n  t h i s  c a s e ,  t h e  
a t t a c k i n g  n u c l e o p h i l e  a nd  t h e  l e a v i n g  g r o u p  a r e  t r a n s  t o  
o ne  a n o t h e r .
Two m a in  s y n t h e t i c  p a th w a y s  t o  t h i s  compound a r e  
o u t l i n e d .  N e i t h e r  r o u t e  was s u c c e s s f u l ;  t h e  d i f f i c u l t i e s  
e n c o u n t e r e d  a r e  d i s c u s s e d .
PART I
AN INVESTIGATION OF SYNTHETIC ROUTES TO 
6 -HYDROXYMETHYL-2 -CYCLOHEXENYL 2 , 6 -  
DICHLOROBENZOATE
INTRODUCTION
A l l y l i c  r e a r r a n g e m e n t s  w e re  among t h e  f i r s t  r e a c t i o n s  
f o r  w h i c h  i t  was s p e c i f i c a l l y  s u g g e s t e d  t h a t  c a r b o n i u m  i o n s  
e x i s t e d  a s  t r a n s i e n t  i n t e r m e d i a t e s .  The c a r b o n i u m  i o n  fo rm ed  
by  t h e  i o n i z a t i o n  o f  an  a l l y l i c  s u b s t r a t e  h a s  b e e n  r e p r e s e n t e d  











c h a r g e  d i s t r i b u t e d  o v e r  a 'T T - o r b i t a l  o f  t h r e e  c a r b o n  a tom s 
(a s  i n  I I ) ,  r a t h e r  t h a n  b e i n g  l o c a l i z e d  on o n e  c a r b o n .
R
0 / H
J > \ 0 0  / »
h/ 0 X h
I I
The u s u a l  m ec h an ism  o f  b i m o l e c u l a r  s u b s t i t u t i o n  
r e a c t i o n s  o f  a l l y l i c  compounds i n v o l v e s  a t t a c k  o f  t h e  
n u c l e o p h i l i c  r e a g e n t  a t  t h e  s u b s t i t u t e d  a - c a r b o n  a tom  o f  
t h e  a l l y l i c  s y s t e m .  How ever ,  t h e  n u c l e o p h i l i c  r e a g e n t  c a n  
a l s o  a t t a c k  t h e  u n s a t u r a t e d  c a r b o n  a to m  o f  t h e  a l l y l i c  s y s ­
tem a n d  d i s p l a c e  t h e  s u b s t i t u e n t  on  t h e  7 - c a r b o n  a to m  i n  a 
c o n c e r t e d  p r o c e s s .
2I f  a t t a c k  t a k e s  p l a c e  a t  t h e  a - c a r b o n ,  t h e  p r o d u c t  
i s  t h e  u n r e a r r a n g e d  s u b s t i t u t i o n  p r o d u c t .  I f  t h e  a t t a c k  i s  
a t  t h e  7 - c a r b o n ,  t h e  <i T - e l e c t r o n  d e n s i t y  m i g r a t e s  f ro m  t h e  
P - 7 b o n d  t o  t h e  a -  p bond  as  t h e  l e a v i n g  i o n  i s  p u l l e d  
o f f  b y  s o l v e n t .  The r e a c t i o n  t h u s  g i v e s  a p r o d u c t  w h e re  t h e  
d o u b l e  b o n d  h a s  s h i f t e d  a n d  t h e  a t t a c k i n g  n u c l e o p h i l e  i s  a t  
a  p o s i t i o n  two c a r b o n s  rem o ved  f ro m  t h a t  o r i g i n a l l y  o c c u p i e d  
by  t h e  l e a v i n g  g r o u p  ( 1 ) .  T h i s  t y p e  o f  a l l y l i c  r e a r r a n g e m e n t  
i s  o f t e n  r e f e r r e d  t o  a s  a n  a b n o rm a l  b i m o l e c u l a r  d i s p l a c e m e n t ,  
o r  S^2* r e a c t i o n .  G e n e r a l l y  i t  i s  o b s e r v e d  when  n o rm a l  b i ­
m o l e c u l a r  s u b s t i t u t i o n  a t  t h e  a - p o s i t i o n  o f  a n  a l l y l  d e r i v a ­
t i v e  i s  s t e r i c a l l y  h i n d e r e d ,  w h i l e  t h a t  a t  t h e  7 - p o s i t i o n  i s  
n o t .  I f  t h e  n u c l e o p h i l e  i s  i n t e r n a l ,  r a t h e r  t h a n  e x t e r n a l ,
t h e  r e a c t i o n  i s  t h e  S.JL1 r e a c t i o n .N—
I n  t h e  n o r m a l  S„2  r e a c t i o n ,  i t  h a s  b e e n  o b s e r v e d  t h a tN
s u b s t i t u t i o n  t a k e s  p l a c e  b y  b a c k - s i d e  d i s p l a c e m e n t .  Thus an  
S^ 2  d i s p l a c e m e n t  by h y d r o x i d e  i o n  o n  c i s - 3 - m e t h y l  c y c l o p e n t y l  
c h l o r i d e  g i v e s  t h e  t r a n s - a l c o h o l  ( 2 ) .
OH
H V \ ^ H  
h 3 c s ^ ^ ^ o h
c i s - a l c o h o l
( n o t  fo rm ed)
4 " > 0¥V H
t r a n s - a l c o h o l
3However ,  i n  t h e  S ^ 2 '  r e a c t i o n ,  t h e  a t t a c k i n g  n u c l e o ­
p h i l e  (Y : )  a p p r o a c h e s  t h e  same s i d e  o f  t h e  m o l e c u l e  f rom  
w h ic h  t h e  l e a v i n g  g roup  ( X : )  d e p a r t s .
( - X Q  )
t r a n s
T h i s  s p a t i a l  r e l a t i o n s h i p  was c o n c l u s i v e l y  p r o v e n  
by  S t o r k  and  W h i t e  (3)  i n  t h e i r  w ork  w i t h  t h e  2 , 6 - d i c h l o r o -  
b e n z o a t e s  o f  t h e  t r a n s - 6 - a l k y l - 2 - c y c l o h e x e n - l - o l s ,  I I I .
OH
R = CH
'H 32 - P r
t - B u
I I I
S t o r k  a n d  W hite  p r e p a r e d  t h e  t r a n s - 6 - a l k y l - 2 - c y c l o -  
h e x e n - l - o l s  by  f i r s t  c a r r y i n g  o u t  a  B i r c h  r e d u c t i o n  o f  a n  




The u n s a t u r a t e d  k e t o n e  was s e p a r a t e d  f r o m  i t s  s a t u ­
r a t e d  a n a l o g  a n d  r e d u c e d  w i t h  l i t h i u m  a lum inum  h y d r i d e .  T h i s  
y i e l d e d  t h e  t h e r m o d y n a m i c a l l y  more s t a b l e  t r a n s - a l c o h o l .
S i n c e  t h e  £ - t o l u e n e s u l f o n a t e  e s t e r s  c o u l d  n o t  b e  o b ­
t a i n e d  s y n t h e t i c a l l y ,  c a r b o x y l i c  a c i d  e s t e r s  w e r e  p r e p a r e d  
i n s t e a d .  I n  o r d e r  t o  p r o t e c t  t h e  e s t e r s  f rom  a t t a c k  by
4n u c l e o p h i l i c  r e a g e n t s  a t  t h e  e s t e r  c a r b o n y l ,  2 , 6 - d i c h l o r o -  
b e n z o a t e  e s t e r s  IV w e re  em ployed .
0 -  C -
IV
B e in g  d e r i v e d  f rom  s t r o n g  a c i d s ,  t h e s e  e s t e r s  would 
b e  r e a d i l y  r e l e a s e d  a s  c a r b o x y l a t e  i o n s  d u r i n g  d i s p l a c e m e n t  
r e a c t i o n s .
The r e a c t i o n  o f  t h e s e  e s t e r s  w i t h  p i p e r i d i n e  a t  130° 
f o r  24 h o u r s  gave  t h e  u n s a t u r a t e d  a m in es  V i n  60-737, y i e l d .  
H y d r o g e n a t i o n  o v e r  p l a t i n u m  gav e  s u b s t i t u t e d  p y r i d i n e s  w h ich  
w e re  shown t o  b e  N - ( t r a n s - 4 - a l k y l c y c l o h e x y l ) - p i p e r i d i n e s , V I .
0 -  C -
''H
IV V VI
I n  compounds s u c h  a s  IV,  t h e  S^2 r e a c t i o n  i s  h i n d e r e d  
by  t h e  R g ro u p  a t  t h e  b a c k - s i d e  o f  t h e  h y d r o x y l  g r o u p .  In  
t h e  c a s e  o f  t h e  d i s p l a c e m e n t s  w i t h  p i p e r i d i n e ,  a l l  t h r e e  
t r a n s - 6 - a l k y l - 2 - c y c l o h e x e n - l - y l  2 , 6 - d i c h l o r o b e n z o a t e s  g a v e
5e x c l u s i v e l y  S ^ '  p r o d u c t s .  Even a 6 - m e t h y l  g r o u p  t r a n s  t o  
t h e  2 , 6 - d i c h l o r o b e n z o a t e  c a u s e d  e n o u gh  s t e r i c  h i n d r a n c e  t h a t  
no  S^2 p r o d u c t  was f o r m e d .  I n  a l l  c a s e s  i t  was o b s e r v e d  t h a t  
t h e  d i s p l a c i n g  g r o u p  e n t e r e d  t h e  m o l e c u l e  c i s  t o  t h e  d e p a r t ­
i n g  s u b s t i t u e n t .
Cl
0 -  C -
"s J v
M o l e c u l a r  o r b i t a l  c a l c u l a t i o n s  s u p p o r t i n g  t h e s e  
r e s u l t s  h a v e  r e c e n t l y  b e e n  c a r r i e d  o u t  ( 5 ) ,  a n d  i t  was fo u n d  
t h a t  i n  t h e  r e a c t i o n ,
i i i





t h e  g r o u p  Y w i l l  e n t e r  i n  a c i s - p o s i t i o n  w i t h  r e s p e c t  t o  
l e a v i n g  g r o u p  X.
The p u r p o s e  o f  t h i s  s t u d y  was t o  e x am ine  f u r t h e r  t h e  
s t e r e o c h e m i s t r y  o f  t h e  S ^ 2 ' r e a c t i o n  u s i n g  i n t e r n a l ,  r a t h e r  
t h a n  e x t e r n a l  n u c l e o p h i l e s .  The s y s t e m  c h o s e n  f o r  s t u d y  was 
V I I ,  w h i c h  w o u ld  r e a r r a n g e  t o  V I I I  i f  t h e  a b n o r m a l  s u b s t i ­
t u t i o n  r e a c t i o n  ( S ^ i ' )  w e re  t o  t a k e  p l a c e .
OH
VII VIII
6F o r  t h i s  r e a c t i o n  t o  p r o c e e d ,  t h e  - C ^ O H  g r o u p  a t  
C-4 m us t  b e  i n  t h e  a x i a l  p o s i t i o n .  I f ,  t h e n ,  t h e  2 , 6 -  
d i c h l o r o b e n z o y l  g r o u p  a t  C-3 w ere  i n  t h e  p s e u d o - a x i a l  
p o s i t i o n ,  t h e  m o l e c u l e  w o u ld  seem t o  b e  s e t  up f o r  t h e  S ^ i '  
r e a c t i o n  w i t h  o ne  i m p o r t a n t  d i f f e r e n c e :  t h e  s t e r e o c h e m i s t r y
i s  t h e  r e v e r s e  o f  w h a t  i s  n o r m a l l y  e x p e c t e d .  I n  t h i s  c a s e  
t h e  a t t a c k i n g  n u c l e o p h i l e  a n d  t h e  l e a v i n g  g r o u p  a r e  n o t  c i s
0 -  C -
C1
t o  one  a n o t h e r .
T h i s  p r o j e c t ,  t h e n ,  was an  a t t e m p t  t o  a s c e r t a i n  
w h e t h e r  t h e  r e a c t i o n  w o u ld  p r o c e e d  w i t h  t h e  n u c l e o p h i l e  and  
t h e  l e a v i n g  g r o u p  t r a n s  t o  one  a n o t h e r  a nd  t o  co m p a re  t h i s  
mode o f  r e a c t i o n  w i t h  t h e  c i s  a n a l o g u e .
V a r i o u s  s y n t h e t i c  r o u t e s  t o  V I I  w i l l  b e  d i s c u s s e d ,  
a s  w i l l  t h e  r e s u l t s  o f  o u r  a t t e m p t s  t o  p r e p a r e  t h i s  compound.
7RESULTS AND DISCUSSION
The d e s i r e d  compound,  6 - h y d r o x y m e t h y l - 2 - c y c l o h e x e n y l  
2 , 6 - d i c h l o r o b e n z o a t e  ( V I I ) ,  a l t h o u g h  s i m i l a r  t o  t h e  6 - a l k y l -
2 - c y c l o h e x e n y l  2 , 6 - d i c h l o r o b e n z o a t e s  ( I I I )  u s e d  by S t o r k  and  
W h i te  ( 1 , 2 )  c o u l d  n o t  b e  p r e p a r e d  i n  t h e  same m an n e r  b e c a u s e  
o f  t h e  p r e s e n c e  o f  t h e  b e n z y l i c  g r o u p  a t  C- 6  w h ic h  w ou ld  
n e c e s s a r i l y  b e  i n  t h e  a r o m a t i c  s t a r t i n g  m a t e r i a l .  The g e n e r a l  
scheme f o r  p r e p a r a t i o n  o f  I I I  i n v o l v e s  a B i r c h  r e d u c t i o n .
I n  t h e  a b ov e  e x a m p le ,  R i s  m e t h y l ,  i s o p r o p y l  o r  t e r t -  
b u t y l  a n d  i s  t h u s  a lw a y s  an  a l k y l  g r o u p .  How ever ,  i n  t h e  
p r e p a r a t i o n  o f  V I I ,  R i s  h y d r o x y m e t h y l .  I n  d i s s o l v i n g  m e t a l  
r e d u c t i o n s ,  c l e a v a g e  o f  t h e  b e n z y l i c  a l c o h o l  b o n d  o c c u r s  so  
r e a d i l y  t h a t  t h i s  t y p e  o f  r e d u c t i v e  c l e a v a g e  i s  v a l u a b l e  i n  
t h e  r e m o v a l  o f  b e n z y l  p r o t e c t i n g  g r o u p s  ( 6 ) .  F o r  e x a m p le ,  
B i r c h  h a s  o b s e r v e d  t h e  f o l l o w i n g  r e a c t i o n  ( 7 ) .
8Na,NH3 (£)
^H3 E tO H*










An a l t e r n a t e  r o u t e  t o  t h e  d e s i r e d  compound V I I  was 
t h e r e f o r e  s o u g h t .
M eerw ein  h a d  f o u n d  t h a t  when a - m e t h y l - f 3 - e t h y l -  
a c r o l e i n  ( IX) i s  h e a t e d  w i t h  b e n z a l a c e t o p h e n o n e  (X) i n  t h e  
p r e s e n c e  o f  p o t a s s i u m  m e t h o x i d e ,  t h e  e n o l  fo rm  o f  IX i s  
f o r m e d ,  a n d  t h i s  c o n d e n s e s  w i t h  X t o  g i v e  t h e  D i e l s - A l d e r  
a d d u c t , 5 - b e n z o y l - l , 3 - d i m e t h y l - 4 - p h e n y l - l - c y c l o h e x e n - 6 - o l  









9I t  w a s ,  t h e r e f o r e ,  f i r s t  t h o u g h t  t h a t  a  l o g i c a l  r o u t e  
t o  t h e  d e s i r e d  compound w o u ld  i n v o l v e  a D i e l s - A l d e r  r e a c t i o n .  
S e v e r a l  w e r e  a t t e m p t e d ,  w i t h  v a r i o u s  d i e n e s  a n d  d i e n o p h i l e s .
The f i r s t  d i e n o p h i l e  c h o s e n  was a l l y l  a l c o h o l ,  w i t h  
t h e  a l c o h o l  bond  p r o t e c t e d  by  d i h y d r o p y r a n .  W i th  t h e  e n o l  
fo rm  o f  c r o t o n a l d e h y d e  a s  t h e  d i e n e ,  t h e  r e a c t i o n  was p o s t u ­




S e v e r a l  u n e x p e c t e d  t h i n g s  w e re  d i s c o v e r e d ,  h o w e v e r ,  
and  t h e s e  w i l l  b e  d i s c u s s e d  i n  t h e  n e x t  two s e c t i o n s .
P r e p a r a t i o n  o f  t h e  T e t r a h y d r o p y r a n y l  E t h e r  o f  A l l y l  A l c o h o l
D i h y d r o p y r a n  a d d s  t o  p r i m a r y ,  s e c o n d a r y  o r  t e r t i a r y  
a l c o h o l s  a c c o r d i n g  t o  t h e  f o l l o w i n g  schem e .
The t e t r a h y d r o p y r a n y l  e t h e r s  fo rm ed  a r e  v e r y  s t a b l e  
t o w a rd  b a s e s ,  b u t  a r e  e a s i l y  h y d r o l y z e d  by a q u e o u s  m i n e r a l  
a c i d s  a t  room t e m p e r a t u r e  ( 9 ) .  A d d i t i o n  c a n  b e  c a r r i e d  o u t  
e i t h e r  w i t h  t h e  n e a t  a l c o h o l ,  o r  w i t h  a s o l v e n t  s u c h  a s  
m e t h y l e n e  c h l o r i d e  ( 1 0 ) .  P o s s i b l e  c a t a l y s t s  i n c l u d e  £ - t o l u -  
e n e s u l f o n i c  a c i d  a n d  t r a c e  am ou n ts  o f  c o n c e n t r a t e d  h y d r o ­
c h l o r i c  a c i d .
The t e t r a h y d r o p y r a n y l  e t h e r  o f  a l l y l  a l c o h o l  h a s  
b e e n  r e p o r t e d  i n  t h e  l i t e r a t u r e  (1 1 )  t o  h a v e  a  b o i l i n g  p o i n t
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o f  126° (760 mm) and  a d e n s i t y  o f  1 . 4 4 4 0 .  However,  t h e  
p r o d u c t  o b t a i n e d  when t h i s  r e a c t i o n  was c a r r i e d  o u t  b o i l e d  
a t  162° a t  760 mm. T h i s  seems l i k e  a more r e a s o n a b l e  
b o i l i n g  p o i n t  t h a n  1 2 6 ° ,  s i n c e  t h e  b o i l i n g  p o i n t  o f  t h e  
t e t r a h y d r o p y r a n y l  d e r i v a t i v e s  o f  some o t h e r  a l c o h o l s  a r e  
a s  f o l l o w s :
M e th y l  125°
E t h y l  146°
n - P r o p y l  165°
n - B u t y l  183°
P r i v a t e  c o m m u n ic a t io n  w i t h  t h e  a u t h o r  c o n f i r m e d  
t h a t  t h i s  was p r o b a b l y  a t y p o g r a p h i c a l  e r r o r ,  and  t h e  
a c t u a l  b o i l i n g  p o i n t  was i n d e e d  162° ( 1 2 ) .  The s t r u c t u r e  
was f u r t h e r  c o n f i r m e d  by i n f r a r e d  a n d  n u c l e a r  m a g n e t i c  
r e s o n a n c e  a n a l y s i s ,  a n d  t h e  d e n s i t y  was fo u n d  t o  be  1 .4 44 3  
a t  2 2 ° .
Vapor  p h a s e  c h ro m a to g r a p h y  a n a l y s i s ,  u s i n g  a f o u r -  
f o o t  Carbowax 20M co lu m n ,  showed t h e  p r e s e n c e  o f  two com­
p o n e n t s ,  i n  a b o u t  a  6 0 :4 0  r a t i o .  The r e t e n t i o n  t im e  was 
g r e a t e r  t h a n  t h a t  o f  e i t h e r  a l l y l  a l c o h o l  o r  d i h y d r o p y r a n .  
D i s t i l l a t i o n  o f  t h e  t o t a l  m i x t u r e  d i d  n o t  c h a n g e  t h e  com­
p o s i t i o n .  An a t t e m p t  was made t o  s e p a r a t e  t h e  m i x t u r e  by 
t h i c k  l a y e r  c h ro m a to g r a p h y  on S i l i c a  Gel  PF, u s i n g  5 0 : 5 0  
e t h e r - c h l o r o f o r m ,  b u t  c o m p l e t e  s e p a r a t i o n  o f  com ponen ts  
c o u l d  n o t  b e  o b t a i n e d .
R e a c t i o n  o f  t h e  A l l y l  T e t r a h y d r o p y r a n y l  E t h e r  w i t h  C r o t o n - 
a l d e h y d e
T h i s  r e a c t i o n  was a t t e m p t e d  s e v e r a l  t i m e s ,  b o t h  w i t h  
so d ium  m e t h o x i d e  i n  m e t h a n o l  and  so d ium  t e r t - b u t o x i d e  i n  
t e r t - b u t y l  a l c o h o l  a s  t h e  b a s e s .  I n  e v e r y  c a s e ,  w h e t h e r  t h e
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m i x t u r e  was h e a t e d  o r  n o t ,  o n l y  p o l y m e r  and  u n c h a n g e d  a l l y l  
t e t r a h y d r o p y r a n y l  e t h e r  w e re  o b t a i n e d .
I t  was t h e n  d e c i d e d  t o  u s e  1 - a c e t o x y b u t a d i e n e  ( X I I I )  
a s  t h e  d i e n e .  T h i s  c a n  b e  p r e p a r e d  by  t h e  a c t i o n  o f  i s o -  
p r o p e n y l  a c e t a t e  (XIV) on c r o t o n a l d e h y d e  ( 1 3 ) .
II 0
0 -  C -  CHo »
J J  0  -  C -  CHo
f  A
H2C CH3
X I I I  XIV
P r e p a r a t i o n  o f  1 - A c e t o x y b u t a d i e n e
I s o p r o p e n y l  a c e t a t e  decom p oses  i n t o  k e t e n e  a nd  
a c e t o n e  by h e a t i n g  i t  i n  t h e  p r e s e n c e  o f  a c i d  c a t a l y s t s  
( 1 3 ) .  I t  i s  e s p e c i a l l y  u s e f u l  f o r  a c e t y l a t i n g  o r g a n i c  
compounds when m i l d  a c e t y l a t i o n  c o n d i t i o n s  a r e  r e q u i r e d .
The r e a c t i o n  i s  d r i v e n  t o  c o m p l e t i o n  by  c o n t i n u o u s l y  
r e m o v in g  t h e  a c e t o n e  f o r m e d .
CH0 R3 I
R0 -CH-C-R + CHo=C-0-C-CHq  * R0 -C=C-0-C-CHo + CH--C-CH,I  ti 2. || 3 -t  z  II 3 J || 3
0 0 0 0 
XIV
When i s o p r o p e n y l  a c e t a t e  was t r e a t e d  w i t h  c r o t o n ­
a l d e h y d e ,  u s i n g  a Todd Column t o  f a c i l i t a t e  r e m o v a l  o f  
a c e t o n e ,  t h e  e n o l  a c e t a t e  o f  c r o t o n a l d e h y d e  was fo rm e d .  The 
Todd Column was n e c e s s a r y  s i n c e  t h e  s t a r t i n g  m a t e r i a l s  i n  







-  C-  CH3ii H
\ X + CH, -  C -  CH,J  n  J  0
XIV X I I I
A l t h o u g h  1 - a c e t o x y - l , 3 - b u t a d i e n e  ( X I I I )  i s  drawn c i s  abo ve  
f o r  s i m p l i c i t y ,  i t  a c t u a l l y  e x i s t s  i n  b o t h  c i s  and  t r a n s  
fo rm s  ( 1 4 ) .
The c i s  fo rm  o f  X I I I  i s  s l i g h t l y  lo w e r  b o i l i n g  t h a n  
t h e  t r a n s . The c i s  fo rm  b o i l s  a t  5 3 . 2 - 5 4 . 2  (32 mm), w h i l e  
t h e  b o i l i n g  p o i n t  o f  t h e  t r a n s  fo rm  i s  5 5 . 0 - 5 5 . 3  (32 mm).
The p r o d u c t  w h ic h  was o b t a i n e d  was a m i x t u r e  o f  c i s  
and  t r a n s  f o r m s .
1 - A c e t o x y - l , 3 - b u t a d i e n e  r e a d i l y  p o l y m e r i z e s .  I t  h a s  
b e e n  r e p o r t e d  (1 5 )  t h a t  1 - a c e t o x y - l , 3 - b u t a d i e n e  and  v i n y l  
a c e t a t e  do n o t  g i v e  a  c o p o ly m e r ;  r a t h e r ,  a l l  m i x t u r e s  y i e l d  
p u r e  p o l y a c e t o x y b u t a d i e n e .
R e a c t i o n  o f  1 - A c e t o x y b u t a d i e n e  w i t h  A l l y l  T e t r a h y d r o p y r a n y l
H H H 0-C-CH 
l i ii
C = C 0C = C 0
1 I II
CH2=CH o - c - c h 3 ch2=ch h
c i s t r a n s
E t h e r
I t  was h o p e d  t h a t  t h i s  r e a c t i o n  would  p r o c e e d  a s
13
f o l l o w s ,  t o  g i v e  t h e  D i e l s - A l d e r  a d d u c t  XV.
0n






T h i s  r e a c t i o n  was a t t e m p t e d  f o u r  t i m e s  u n d e r  v a r i o u s
c o n d i t i o n s .  When no h e a t  was a p p l i e d ,  b o t h  s t a r t i n g  m a t e r i a l s  
w e r e  i s o l a t e d  f ro m  t h e  r e a c t i o n  m i x t u r e .  When t h e  m a t e r i a l  
was h e a t e d ,  o n l y  p o l y m e r  a n d  u n c h a n g e d  a l l y l  t e t r a h y d r o p y r a n y l  
e t h e r  w e re  o b t a i n e d .
R e a c t i o n  o f  1 - A c e t o x y b u t a d i e n e  w i t h  A c r y l i c  A c id
T h i s  r e a c t i o n  h a d  b e e n  p r e v i o u s l y  c a r r i e d  o u t  by  
A l d e r  a n d  S c h u m a c h e r ,  who r e f l u x e d  1 - a c e t o x y b u t a d i e n e  a n d  
a c r y l i c  a c i d  w i t h  h y d r o q u i n o n e  a n d  b e n z e n e  a n d  o b t a i n e d  t h e
D i e l s - A l d e r  a d d u c t ,  2 - a c e t o x y - c y c l o h e x - 3 - e n - l - c a r b o x y l i c  
a c i d  (X V I) .
The r e a c t i o n  g a v e  XVI i n  v e r y  low y i e l d ,  g e n e r a l l y  
r a n g i n g  f ro m  0 t o  15%, t o g e t h e r  w i t h  l a r g e  am o u n ts  o f  
p o l y m e r .
I t  was t h e r e f o r e  d e c i d e d  t o  t r y  a d i f f e r e n t  d i e n e
0n 0II
COOH
0 -  C -C H ,
XVI
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i n  t h i s  r e a c t i o n .  S t u d i e s  h a v e  shown (17)  t h a t  t h e  y i e l d  
o f  a d d i t i o n  p r o d u c t s  f ro m  a c y c l i c  d i e n e s  a p p e a r s  t o  b e  d e p e n ­
d e n t  t o  a  g r e a t e r  e x t e n t  u p o n  t h e  p o s i t i o n  o f  t h e  s u b s t i t u e n t s  
i n  t h e  a c y c l i c  c h a i n  t h a n  upon t h e  s i z e  o f  t h e  g r o u p s .  A l k y l ,  
a l k o x y l  a n d  a r y l  g r o u p s  on  C -2 ,  o r  on C-2 a n d  C - 3 ,  g e n e r a l l y  
e n h a n c e  t h e  r e a c t i v i t y  o f  t h e  d i e n e .  S u b s t i t u t i o n  o f  t h e s e  
g r o u p s  o n  t h e  t e r m i n a l  p o s i t i o n s  d e p r e s s e s  t h e  r e a c t i v i t y  o f  
t h e  d i e n e .
A f u r t h e r  a d v a n t a g e  o f  u s i n g  a  d i e n e  s u b s t i t u t e d  a t
(1 2)
C-2 c a n  b e  b e s t  u n d e r s t o o d  by  a c o n s i d e r a t i o n  o f  t h e  A * 
e f f e c t  p o s t u l a t e d  by J o h n s o n  and  M a l h o t r a  ( 1 8 , 1 9 , 2 0 ) .
The A^1 *2  ^ E f f e c t
I t  h a s  b e e n  s u g g e s t e d  (21)  t h a t  r e l a t i v e  t o  c y c l o -  
h e x a n e ,  c y c l o h e x e n e  h a s  t h e  s h a p e  o f  a  f l a t t e n e d  c h a i r .  I f  
t h i s  i s  t h e  c a s e ,  o n ly  C-4  a nd  C-5 b e a r  t r u l y  a x i a l  a nd  
e q u a t o r i a l  b o n d s .  Bonds l o c a t e d  a t  C-3 a n d  C- 6  w ere  r e g a r d e d  
a s  b e i n g  somewhat d i f f e r e n t l y  o r i e n t e d  a n d  w e r e  t e r m e d  
p s e u d o - a x i a l  a n d  p s e u d o - e q u a t o r i a l .
C y c lo h e x e n e  c a n  t h u s  b e  p i c t u r e d  a s  e x i s t i n g  i n  fo rm  
X V II ,  w h e r e  a a n d  e r e f e r  t o  a x i a l  a n d  e q u a t o r i a l  b o n d s ,
e '
XVII
r e s p e c t i v e l y ,  a n d  aj__and e '  r e f e r  t o  t h e  p s e u d o - a x i a l  an d  
p s u e d o - e q u a t o r i a l  b o n d s .
J o h n s o n  a n d  M a l h o t r a  p o s t u l a t e d  t h a t  i n  a c y c l o h e x e n e
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s u c h  a s  X V I I I ,  i f  R a n d  R1 a r e  m o d e r a t e l y  l a r g e ,  t h e y  w i l l  
i n t e r f e r e  w i t h  e a c h  o t h e r  s t e r i c a l l y  t o  s u c h  a n  e x t e n t  t h a t  
t h e  c o n f o r m e r  X V I I I b ,  h a v i n g  t h e  a x i a l  s u b s t i t u e n t ,  w i l l  b e  
f a v o r e d  fo rm .
X V I I I
H
X V I I I a
H R'
H
X V II Ib
C o n v e r s e l y ,  i f  R and  R 1 a r e  s m a l l  i n  s i z e ,  X V I I I a  
w i l l  be  t h e  f a v o r e d  c o n f o r m e r .
The b a s i s  f o r  t h i s  t h e o r y  i s  t h a t  i n  a s y s t e m  s u c h
a s  X V I I I a ,  t h e  d i h e d r a l  a n g l e  b e tw e e n  C a n d  CnR i s  s m a l l e r
* e  7  p
t h a n  t h e  i d e a l  v a l u e  o f  6 0 ° .  O r i g i n a l  e s t i m a t e s  f ro m  m od e ls  
s e t  t h i s  a n g l e  a t  a b o u t  3 5 ° .  T h u s ,  t h e  e n e r g y  o f  i n t e r a c t i o n  
o f  R w i t h  R' w ou ld  b e  g r e a t e r  i n  X V I I I a  t h a n  t h a t  o f  R 1 w i t h  
t h e  t r a n s a n n u l a r  a x i a l  h y d r o g e n  a t  C-5 p l u s  t h e  C-3 e q u a t o r i a l .  
h y d r o g e n - R  i n t e r a c t i o n  i n  X V I I I b .
n  2)
T h i s  i n t e r a c t i o n  i s  known a s  A '  * ' s t r a i n  s i n c e  t h e  
g r o u p s  i n v o l v e d  a r e  s u b s t i t u t e d  on v i c i n a l  a d j a c e n t  c a r b o n s  
i n  a c y c l o h e x e n e .
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I n  t h e  c a s e  o f  V I I ,  R 1 i s  t h e  2 , 6 - d i c h l o r o b e n z o a t e
g r o u p .
Cl
° - ci  /
Cl">-------
ch2oh H
P l a c i n g  a m e t h y l  s u b s t i t u e n t  on  t h e  p - c a r b o n  (R) w o u ld  t e n d  
t o  f o r c e  R' i n t o  t h e  a x i a l  p o s i t i o n ,  a n d  t h e  d e s i r e d  d i a x i a l  
f o r m ,  w i t h  t h e  2 , 6 - d i c h l o r o b e n z o a t e  g r o u p  t r a n s  t o  t h e  h y d r o x y - 
m e t h y l  g r o u p  a t  C - 4 ,  s h o u l d  b e  t h e  f a v o r e d  t r a n s  fo rm .
R e a c t i o n  o f  l - A c e t o x y - 2 - m e t h y l - l , 3 - b u t a d i e n e  w i t h  A c r y l i c  A c id
l - A c e t o x y - 2 - m e t h y l - l , 3 - b u t a d i e n e  (XIX) was p r e p a r e d  by
t h e  a c t i o n  o f  i s o p r o p e n y l  a c e t a t e  on t i g l a l d e h y d e  ( 2 - m e t h y l -  









As w i t h  1 - a c e t o x y b u t a d i e n e , l - a c e t o x y - 2 - m e t h y l - l , 3 -  
b u t a d i e n e  (XIX) i s  shown i n  t h e  c i s o i d  fo rm  f o r  c o n v e n i e n c e ,  
a l t h o u g h  t h e  c i s o i d  fo rm  w o u ld  a c t u a l l y  be  i n  e q u i l i b r i u m  
w i t h  t h e  t r a n s o i d  f o r m .
The r e a c t i o n  was c a r r i e d  o u t  w i t h  t h e  a i d  o f  t h e  
Todd Column, w i t h  y i e l d s  r a n g i n g  f r o m  0-59%. The m a in  c a u s e  
o f  low y i e l d  seem ed t o  be  p o l y m e r i z a t i o n  o f  t h e  p r o d u c t  a s  
i t  was fo r m e d .
A c r y l i c  a c i d  was t h e  m os t  commonly u s e d  d i e n o p h i l e ,  
a l t h o u g h  b o t h  a c r y l o n i t r i l e  ( 2 2 )  a n d  m e t h y l  a c r y l a t e  w e re  
a l s o  u s e d .  The  p r o d u c t  f ro m  a c r y l o n i t r i l e ,  a l t h o u g h  i t  d i d  
c o n t a i n  t h e  c y a n o  g r o u p ,  p o l y m e r i z e d  w i t h i n  o n e  week a t  room 
t e m p e r a t u r e .  One r e a s o n  why m e t h y l  a c r y l a t e  was n o t  p r e ­
f e r r e d  t o  a c r y l i c  a c i d  i s  t h a t  i n  g e n e r a l ,  y i e l d  o f  a d d i t i o n  
p r o d u c t s  i n  D i e l s - A l d e r  r e a c t i o n s  f r o m  an  a c i d  a r e  s u p e r i o r  
t o  t h o s e  f ro m  i t s  e s t e r  ( 1 7 ) .  An e x c e p t i o n  t o  t h i s  i s  when 
t h e  a c i d  i s  u n s t a b l e  t o  h e a t  o r  c a u s e s  p o l y m e r i z a t i o n  o f  t h e  
d i e n e ,  and  i t  i s  f o r  t h i s  r e a s o n  t h a t  m e t h y l  a c r y l a t e  was 
u s e d .  How ever ,  o n l y  p o ly m e r  was o b t a i n e d  f ro m  t h e  r e a c t i o n .
l - A c e t o x y - 2 - m e t h y l - l , 3 - b u t a d i e n e  was r e a c t e d  w i t h  
a c r y l i c  a c i d ,  u n d e r  v a r y i n g  c o n d i t i o n s ,  i n  e i g h t e e n  s e p a r a t e  




The y i e l d  f rom t h i s  r e a c t i o n  was low .  At b e s t ,  o n ly  
a  10% y i e l d  o f  2 - a c e t o x y - 3 - m e t h y l - c y c l o h e x - 3 - e n - l - c a r b o x y l i c  
a c i d  (XXI) was o b t a i n e d .  S e v e r a l  v a r i a b l e s  w e re  t e s t e d  i n  
a n  a t t e m p t  t o  i n c r e a s e  t h i s  y i e l d .
S i n c e  t h e  d i e n o p h i l e  m ig h t  b e  c a u s i n g  t h e  p o l y ­
m e r i z a t i o n  o f  t h e  d i e n e ,  t h e  r a t i o  o f  d i e n e  t o  d i e n o p h i l e  
was c h a n g e d .  I t  h a s  b e e n  fo u n d  (17)  t h a t ,  w h i l e  t h i s  e f f e c t  
o f  p o l y m e r i z a t i o n  c a n n o t  b e  e l i m i n a t e d  e n t i r e l y ,  i t  can  be  
l e s s e n e d  by u s i n g  somewhat more t h a n  an  e q u i m o l a r  amount o f  
t h e  d i e n e  ( 1 . 5  m o le s )  a n d  by d i l u t i n g  t h e  r e a c t i o n  m i x t u r e  
w i t h  a n  i n e r t  s o l v e n t ,  s u c h  a s  b e n z e n e  o r  x y l e n e .
I n  t h i s  w o rk ,  b e n z e n e  was t h e  s o l v e n t  w h ic h  was 
g e n e r a l l y  u s e d .  The r e a c t i o n  was a l s o  a t t e m p t e d  w i t h  a c e t o n e  
a n d  w i t h  no s o l v e n t ,  b u t  o n l y  p o ly m e r  was o b t a i n e d  i n  e a c h  
c a s e .
I t  h a s  b e e n  shown (23)  t h a t  p o l y m e r i z a t i o n  may o f t e n  
b e  a v o i d e d  b y  c a r r y i n g  t h e  r e a c t i o n  o u t  u n d e r  a n i t r o g e n  
a t m o s p h e r e .  H y d r o q u in o n e  may a l s o  be  u s e d  as  a p o l y m e r i z a ­
t i o n  i n h i b i t o r .  B o th  o f  t h e s e  m o d i f i c a t i o n s  w e re  a d o p t e d ,  
b u t  w i t h  no a p p r e c i a b l e  im provem ent  i n  i s o l a t e d  y i e l d .
An a t t e m p t  was a l s o  made t o  c a t a l y z e  t h e  r e a c t i o n  
w i t h  a luminum c h l o r i d e ,  a f t e r  t h e  m ethod  o f  I n u k a i  and 
Kojima ( 2 4 ) ;  t h i s  m ethod  a l s o  g a v e  o n l y  p o l y m e r .
I t  d i d  n o t  seem t o  m a t t e r  how l o n g  t h e  r e a c t i o n  m ix ­
t u r e  was h e a t e d .  Any t i m e  b e tw e e n  f i v e  a n d  f i f t e e n  h o u r s  
g a v e  a b o u t  t h e  same amount  o f  p r o d u c t .
R e a c t i o n  o f  2 - A c e t o x y - 3 - m e t h y l - c y c l o h e x - 3 - e n - l - c a r b o x y l i c  
A c i d  w i t h  O x a l y l  C h l o r i d e
T h i s  r e a c t i o n  was c a r r i e d  o u t  by t h e  p r o c e d u r e  o f  
Adams a n d  U l i c h  (25)  and  S t a u d i n g e r  ( 2 6 ) .
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An a d v a n t a g e  o f  t h i s  r e a c t i o n  i s  t h a t  t h e  b y - p r o d u c t s ,  
c a r b o n  m o n o x id e ,  c a r b o n  d i o x i d e  and  h y d ro g e n  c h l o r i d e  a r e  
g a s e o u s .
B e s t  r e s u l t s  w e re  o b t a i n e d  when t h e  r e a c t i o n  was 
r u n  i n  b e n z e n e  s o l u t i o n .  The a c i d  c h l o r i d e  was n o t  i s o l a t e d ,  
b u t  was u s e d  d i r e c t l y  i n  t h e  n e x t  s t e p .
R e a c t i o n  o f  2 - A c e t o x y - 3 - m e t h y l - c y c l o h e x - 3 - e n - l - c a r b o n y l  
C h l o r i d e  w i t h  Sodium B o r o h y d r i d e
0
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0 -  C -  CH3
C -  Cl
II
0 + NaBH,
d i o x a n e
O - C - C H
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XX III
T h i s  r e a c t i o n  was c a r r i e d  o u t  f i v e  t i m e s .  A p r o d u c t  
w h ic h  was a m i x t u r e  o f  u n c e r t a i n  c o m p o s i t i o n  was o b t a i n e d  i n  
v e r y  s m a l l  a m o u n ts .  T h i s  p r o d u c t  was a v i s c o u s  o i l  and  g a v e  
a p o s i t i v e  B o rd w e l l -W el lm a n  t e s t  ( 3 5 ) .
The t e s t  c o n s i s t s  o f  a d d i n g  one  d r o p  o f  t e s t  s o l u t i o n  
( p r e p a r e d  by d i s s o l v i n g  25 g c h ro m ic  a c i d  (CrO^) i n  25 ml 
c o n c e n t r a t e d  s u l f u r i c  a c i d  and  d i l u t i n g  w i t h  75 ml d i s t i l l e d
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w a t e r )  w i t h  s h a k i n g  t o  a s o l u t i o n  o f  one d r o p  o f  l i q u i d  a l c o ­
h o l  o r  10 mg s o l i d  a l c o h o l  i n  1 ml a c e t o n e .  P o s i t i v e  r e s u l t s  
a r e  o b t a i n e d  w i t h  p r i m a r y  and s e c o n d a r y  a l c o h o l s ,  w h ic h  r e a c t  
w i t h i n  two s e c o n d s  t o  g i v e  a p r e c i p i t a t e  t h a t  c a u s e s  t h e  t e s t  
s o l u t i o n  t o  become opaque  and  t a k e  on a g r e e n i s h  c o l o r .
An a t t e m p t  was made t o  i s o l a t e  t h e  d e s i r e d  p r o d u c t  
( i f  p r e s e n t )  by r e a c t i o n  o f  t h e  m i x t u r e  w i t h  d i h y d r o p y r a n ,  
b u t  o n l y  a gummy mass  was o b t a i n e d .
D io x a n e  was p u r i f i e d  by t h e  m ethod  o f  C h a ik e n  and 
Brown ( 2 7 ) .  F o r  a c i d  c h l o r i d e s ,  t h e  m ethod  o f  " i n v e r s e "  
a d d i t i o n  i s  p r e f e r r e d .  A s o l u t i o n  o f  t h e  h y d r i d e  i s  added  
t o  a s u s p e n s i o n  o f  t h e  a c i d  c h l o r i d e ,  i n  d i o x a n e .  As t h e  
r e a c t i o n  p r o c e e d s ,  t h e  r e a c t i o n  m i x t u r e  becomes homogeneous 
( 2 8 ) .
S a p o n i f i c a t i o n  o f  2 - A c e t o x y - 3 - m e t h y l - c y c l o h e x - 3 - e n - l - c a r b o x y l i c  
A c id  (XXIV)
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S i n c e  t h e  p a thw ay  t o  t h e  d e s i r e d  p r o d u c t  d i d  n o t  seem 
t o  b e  f e a s a b l e  u s i n g  2 - a c e t o x y - 3 - m e t h y l - c y c l o h e x - 3 - e n - l -  
c a r b o x y l i c  a c i d  (X X I) ,  i t  was d e c i d e d  t o  s a p o n i f y  t h e  e s t e r  
f u n c t i o n  o f  t h i s  a c i d  t o  t h e  a l c o h o l .  T h i s  r e a c t i o n  p r o ­
c e e d e d  i n  10-407o y i e l d  w i t h  57<> m e t h a n o l i c  sod ium  h y d r o x i d e .
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R e a c t i o n  o f  2 - H y d r o x y - 3 - m e t h y l - c y c l o h e x - 3 - e n - l - c a r b o x y l i c  
A c id  w i t h  2 , 6 - D i c h l o r o b e n z o y l  C h l o r i d e
2 , 6 - D i c h l o r o b e n z o y l  c h l o r i d e  was p r e p a r e d  by t h e  
m e th o d  o f  S t o r k  and  W h i t e  (3 )  i n  91% y i e l d  f rom  2 , 6 -
d i c h l o r o b e n z o i c  a c i d .  The a c i d  c h l o r i d e  was a l l o w e d  to  
r e a c t  w i t h  2 - h y d r o x y - 3 - m e t h y l - c y c l o h e x - 3 - e n - l - c a r b o x y l i c  
a c i d  (XXIV); t h e  p r o d u c t ,  w h i c h  was n o t  p u r i f i e d ,  h a s  a 
n u c l e a r  m a g n e t i c  r e s o n a n c e  s p e c t r u m  c o n s i s t e n t  w i t h  t h a t  
o f  t h e  d e s i r e d  p r o d u c t ,  2 - ( 2 , 6 - d i c h l o r o b e n z o y l o x y ) - 3 -  
m e t h y l - c y c l o h e x - 3 - e n - l - c a r b o x y l i c  a c i d  (XXV). The y i e l d  
was s o  s m a l l ,  h o w e v e r ,  t h a t  t h i s  compound was n o t  i n v e s t i ­
g a t e d  f u r t h e r .




A. 2 - E t h y l b u t - 2 - e n a l  was p r e p a r e d  f rom  a c e t a l -  





The 2 - e t h y l b u t - 2 - e n a l  p r e p a r e d  was r e a c t e d  w i t h  i s o -  
p r o p e n y l  a c e t a t e  t o  g i v e  t h e  d e s i r e d  e n o l  a c e t a t e  (X X V II ) , 
b u t  t h i s  compound,  when r e a c t e d  w i t h  a c r y l i c  a c i d  i n  a D i e l s -  












B. When 2 - m e t h y l b u t - 2 - e n a l  ( t i g l a l d e h y d e )  was 
r e a c t e d  w i t h  so d iu m  m e t h o x i d e ,  i n  a n  a t t e m p t  t o  r e p e a t  
M e e r w e i n ' s  o r i g i n a l  w ork  ( 8 ) ,  t h e  o n l y  p r o d u c t  w h ic h  was 
o b t a i n e d  was t h e  a d d i t i o n  p r o d u c t  o f  m e t h o x i d e  i o n  t o  
m e t h y l  a c r y l a t e .
Me H











When a lum inum  c h l o r i d e  was u s e d  a s  a c a t a l y s t  i n  t h i s  
r e a c t i o n ,  t h e  same p r o d u c t ,  m e t h y l  p - m e t h o x y p r o p i o n a t e  (X V II I )  
was o b t a i n e d ;  b u t  t h e  y i e l d  was q u a n t i t a t i v e .
P r e p a r a t i o n  o f  2 - H y d r o x y m e t h y l c y c lo h e x a n o n e
I t  was d e c i d e d  t o  t r y  a c o m p l e t e l y  new r o u t e  t o  t h e  
d e s i r e d  compound, 6 - h y d r o x y m e t h y l - 2 - c y c l o h e x e n y l  2 , 6 - d i c h l o r o ­
b e n z o a t e  ( V I I ) ,  s i n c e  t h e  f i r s t  a t t e m p t s  w e re  u n s u c c e s s f u l .
C y c lo h e x a n o n e  a n d  f o r m a l d e h y d e  w e r e  c o n v e r t e d  to





A l a r g e  e x c e s s  o f  c y c l o h e x a n o n e  was u s e d  t o  e r ^ u r e  
t h a t  t h e  m a j o r  p r o d u c t  w ou ld  b e  t h a t  o f  m o n o - h y d r o x y m e t h y l a -  
t i o n .
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B r o m i n a t i o n  o f  2 - H y d r o x y m e th y lc y c lo h e x a n o n e  a n d  A t t e m p t e d  
D e h y d r o h a l o g e n a t i o n
G a r b i s c h  h a s  f o u n d  (31)  t h a t  t h e  k e t a l s  o f  2 - b ro m o -  
c y c l o a l k a n o n e s  a r e  c l e a n l y  d e h y d ro b r o m in a t e d  i n  r e f l u x i n g  
a l c o h o l i c  a l k a l i  t o  g i v e  c y c l o a l k - 2 - e n o n e  k e t a l s .  T h e s e  
k e t a l s  w e re  h y d r o l y z e d  r e a d i l y  i n  d i l u t e  a q u e o u s  a c i d  t o  t h e  







I t  was fo u n d  t h a t  a c i d - c a t a l y z e d  b r o m i n a t i o n s  o f
2 - a l k y l c y c l o h e x a n o n e s  o r  t h e i r  d i m e t h y l  k e t a l s  i n  m e t h a n o l  
l e d  t o  p r e d o m i n a n t  s u b s t i t u t i o n  a t  C - 6 . S i m i l a r  b r o m i n a ­
t i o n  o f  t h e  k e t o n e s  i n  e t h e r  l e a d s  t o  s u b s t i t u t i o n  l a r g e l y  
a t  C-2 when t h e  a l k y l  s u b s t i t u e n t  i s  m e t h y l .
F o r  t h e  p u r p o s e  o f  t h i s  r e s e a r c h ,  t h e r e f o r e ,  m e t h a n o l  
was u s e d  a s  t h e  s o l v e n t .  The k e t a l  was r e a d i l y  p r e p a r e d ,  as 
w e r e  b o t h  t h e  b r o m i n a t e d  k e t a l  and  t h e  b r o m i n a t e d  k e t o n e .
MeOH
XXIX




D e h y d r o h a l o g e n a t I o n  was a t t e m p t e d  w i t h  b o t h  so d iu m  
h y d r o x i d e  a n d  c o l l i d i n e  ( 3 2 , 3 3 , 3 4 ) .  The p r o d u c t  w i t h  so d ium  
h y d r o x i d e  was o n l y  p o l y m e r ;  t h a t  w i t h  c o l l i d i n e  c o n t a i n e d  a  
c a r b o n y l  b a n d  i n  t h e  i n f r a r e d  s p e c t r u m  b u t  no  h y d r o x y l  b a n d .
When 2 - h y d r o x y m e t h y l c y c l o h e x a n o n e  (XXIX) was r e a c t e d  
w i t h  d i h y d r o p y r a n  b e f o r e  b r o m i n a t i o n  i n  o r d e r  t o  t i e  up  t h e  
h y d r o x y l  g r o u p  a n d  p r e v e n t  i t  f rom  r e a c t i n g ,  f o u r  p r o d u c t s  
w e r e  o b t a i n e d .  None o f  t h e s e  p r o d u c t s  was t h e  d e s i r e d  com­
p o u n d .  Two h a d  i n f r a r e d  s p e c t r a  w h ic h  showed t h a t  t h e y  c o n ­
t a i n e d  h y d r o x y l ;  t h e  o t h e r  two d i d  n o t  show c a r b o n y l  a b s o r p ­
t i o n .
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EXPERIMENTAL
G e n e r a l
M e l t i n g  P o i n t s . M e l t i n g  p o i n t s  w e re  d e t e r m i n e d  w i t h  
a H i r s c h b e r g  a p p a r a t u s  a n d  a r e  u n c o r r e c t e d .
I n f r a r e d  A b s o r p t i o n  S p e c t r a . I n f r a r e d  s p e c t r a  w e re  
d e t e r m i n e d  u s i n g  a P e r k i n - E l m e r  Model 337 g r a t i n g  s p e c t r o ­
p h o t o m e t e r .  The s p e c t r a  o f  l i q u i d s  w e re  d e t e r m i n e d  n e a t ,  a s  
f i l m s .  The s p e c t r a  o f  s o l i d  s a m p le s  w e re  d e t e r m i n e d  a s  d o u b l e
m u l l s  i n  H a l o c a r b o n  o i l  1 1 - 1 4  f ro m  4000 cm ^ t o  1300 cm ^ a n d
-1 -1i n  N u j o l  m i n e r a l  o i l  f ro m  1300 cm t o  650 cm o r  i n  s o l u t i o n ,
a s  i n d i c a t e d .  The a b s o r p t i o n  b a n d s  l i s t e d  w e re  s t r o n g ,
e x c e p t  f o r  t h o s e  i n d i c a t e d  a s  medium (m) o r  weak ( w ) . Bands
w h i c h  e x h i b i t e d  s h o u l d e r s  a r e  i n d i c a t e d  a s  ( s h ) . The
p o s i t i o n s  o f  t h e  a b s o r p t i o n  b a n d s  a r e  g i v e n  i n  wave n u m b e r s ,
- 1cm
N u c l e a r  M a g n e t i c  R e s o n a n c e  S p e c t r a . N u c l e a r  mag­
n e t i c  r e s o n a n c e  (nmr) s p e c t r a  w e re  d e t e r m i n e d  u s i n g  a V a r i a n  
Model  A-60  s p e c t r o m e t e r .  The s p e c t r a  w e r e  d e t e r m i n e d  i n  t h e  
s o l v e n t s  i n d i c a t e d ,  and  t h e  c h e m i c a l  s h i f t s  a r e  g i v e n  i n  
p a r t s  p e r  m i l l i o n  (ppm) r e l a t i v e  t o  t e t r a m e t h y l s i l a n e  a s  a n  
i n t e r n a l  s t a n d a r d .
Gas C h r o m a t o g r a p h i c  A n a l y s i s  D a t a . Gas c h r o m a t o ­
g r a p h i c  a n a l y s e s  w e re  d e t e r m i n e d  u s i n g  a F and  M Model 300 
Programmed T e m p e r a t u r e  Gas C h r o m a to g r a p h  o r  an  A e r o g r a p h  A 
9 0 - P 3 .  F o r  p r e p a r a t i v e  s c a l e  g a s  c h r o m a t o g r a p h i c  s e p a r a t i o n s ,  
a n  A e r o g r a p h  A 90-P3  c h r o m a t o g r a p h  was u s e d .
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A n a l y t i c a l  D a t a . E l e m e n t a l  m i c r o a n a l y s e s  w ere  
d e t e r m i n e d  w i t h  an  F and  M. Model 180 c a r b o n ,  h y d r o g e n ,  
an d  n i t r o g e n  a n a l y z e r  i n  t h e s e  l a b o r a t o r i e s .  T h e s e  a n a l y ­
s e s  r e p r e s e n t  an a v e r a g e  o f  t h r e e  o r  m ore  d e t e r m i n a t i o n s .
P r e p a r a t i o n  o f  t h e  T e t r a h y d r o p y r a n y l  E t h e r  o f  A l l y l  A l c o h o l
E q u im o la r  q u a n t i t i e s  o f  a l l y l  a l c o h o l  and  d i h y d r o -
p y r a n  were  m ixed  i n  a  r o u n d - b o t to m e d  f l a s k  e q u ip p e d  w i t h  a
r e f l u x  c o n d e n s e r  and  d r y i n g  t u b e .  A few c r y s t a l s  o f  £ - t o l u -
e n e s u l f o n i c  a c i d  o r  one  d ro p  o f  c o n c e n t r a t e d  h y d r o c h l o r i c
a c i d  was a d d e d .  The r e a c t i o n  was e x o t h e r m i c .  A f t e r  t h r e e
h o u r s ,  a few p e l l e t s  o f  sod ium  h y d r o x i d e  w ere  add ed  t o  t h e
r e a c t i o n  m i x t u r e  and t h e  p r o d u c t  i s o l a t e d  by  d i s t i l l a t i o n  a t
a t m o s p h e r i c  p r e s s u r e .  The p r o d u c t  b o i l e d  s h a r p l y  a t  162®
22(760mm), n^  1 .4 4 4 3 .  The r e p o r t e d  l i t e r a t u r e  b o i l i n g  p o i n t  
(11)  was 126° (760mm), n^ 5 1 . 4 4 4 0 .
IR  S p e c t r u m  ( n e a t ) :  2 8 7 5 ,  2 9 4 0 ,  3 01 0 ,  C-H s t r e t c h
a t  3080 cm
NMR S p e c t ru m  ( c a r b o n  t e t r a c h l o r i d e ) :  5 . 9  ( m u l t i p l e t ,
one  p r o t o n ) ; 5 . 2 5  ( m u l t i p l e t ,  two p r o t o n s ) ]  4 .5  ( s i n g l e t ,  one  
p r o t o n ) ]  4 . 0  ( m u l t i p l e t ,  two p r o t o n s ) .
R e a c t i o n  o f  t h e  A l l y l  T e t r a h y d r o p y r a n y l  E t h e r  w i t h  C r o t o n a l -  
dehyde
The p r o c e d u r e  o f  Meerwein  ( 8 ) was f o l l o w e d .  To a 
s o l u t i o n  o f  5 . 8  ml c r o t o n a l d e h y d e  ( 0 .0 7 0 5  mol)  was a d d e d  10 
g a l l y l  t e t r a h y d r o p y r a n y l  e t h e r  (0 .0 7 0 5  m ol)  and 150 ml 
m e t h a n o l  i n  a 250-ml,  r o u n d - b o t to m e d  f l a s k  e q u ip p e d  w i t h  
s t i r r e r ,  d r o p p i n g  f u n n e l  and  t h e r m o m e t e r .  To t h i s  m i x t u r e ,  
a 7% s o l u t i o n  o f  so d iu m  m e t h o x i d e  was a d d e d  d r o p w is e  t o  e x a c t  
n e u t r a l i z a t i o n .  An a d d i t i o n a l  2 . 1  ml 1% sod ium  m e t h o x i d e  
s o l u t i o n  d i l u t e d  w i t h  m e t h a n o l  t o  25 ml was added  d r o p w i s e
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o v e r  a p e r i o d  o f  45 m i n u t e s ,  w i t h  s t i r r i n g .  The t e m p e r a t u r e  
o f  t h e  m i x t u r e  was m a i n t a i n e d  a t  3 5 - 4 0 ° .
The  m i x t u r e  was a l l o w e d  to  s t a n d  o v e r n i g h t  and was 
t h e n  h e a t e d  f o r  a n o t h e r  s i x  h o u r s  a t  3 5 - 4 0 ° .  Nmr a n a l y s i s  
showed t h a t  l i t t l e  c h an ge  h a d  t a k e n  p l a c e .  The s p e c t r u m  was 
fo u nd  t o  b e  i d e n t i c a l  t o  t h a t  o f  a m i x t u r e  o f  c r o t o n a l d e h y d e  
an d  a l l y l  t e t r a h y d r o p y r a n y l  e t h e r .  The s o l u t i o n  h a d  ch an g e d  
c o l o r  f ro m  p a l e  y e l l o w  to  r e d - o r a n g e ,  however .
The  s o l u t i o n  was m a i n t a i n e d  a t  room t e m p e r a t u r e  f o r  
s e v e r a l  m o re  d a y s ,  w i t h o u t  a n y  a p p r e c i a b l e  c h a n g e .  A n o th e r  
2 . 1  ml o f  77o sod ium  m e th o x id e  was a d d e d  and t h e  m i x t u r e  was 
h e a t e d  a t  50°  f o r  t h r e e  h o u r s .  T here  b e i n g  no c h a n g e ,  t h e  
s o l u t i o n  was t h e n  r e f l u x e d  f o r  t h r e e  h o u r s .
By t h i s  t i m e ,  t h e  s o l u t i o n  was a lm os t  b l a c k .  The 
m e th a n o l  was e v a p o r a t e d  i n  v a c u o  ( a s p i r a t o r )  a n d  t h e  r e s i d u e  
d i s s o l v e d  i n  600 m l  e t h e r - c h l o r o f o r m .  The n o n a q u e o u s  s o l u ­
t i o n  was w ashed  w i t h  s a t u r a t e d  sodium b i s u l f i t e  a n d  th en  
d r i e d  (MgSO^) and c o n c e n t r a t e d ,  l e a v i n g  b e h in d  a r e s i d u e  
( 8  g ) , w hose  nmr s p e c t r u m  was i d e n t i c a l  t o  t h a t  o f  a l l y l  
t e t r a h y d r o p y r a n y l  e t h e r .
Use  o f  so d iu m  t e r t - b u t o x i d e  i n  t e r t - b u t a n o l  as t h e  
b a s e  gav e  a  t a r r y  r e s i d u e ,  i n  a d d i t i o n  t o  u n c h a n g e d  a l l y l  
t e t r a h y d r o p y r a n y l  e t h e r .
P r e p a r a t i o n  o f  1 - A c e t o x y b u t a d i e n e  (XIV)
T h i s  r e a c t i o n  was c a r r i e d  o u t  a c c o r d i n g  t o  th e  
p r o c e d u r e  o f  Hagemeyer and H u l l  ( 1 3 ) .  The Todd column was 
s e t  w i t h  a  p u r e  s a m p le  o f  a c e t o n e .  R e f l u x  r a t i o  was 1 0 : 1 .  
The u p p e r  p a r t  o f  t h e  column was h e a t e d  to  54° a n d  t h e  l o w e r  
t o  50°.
I s o p r o p e n y l  a c e t a t e  ( 1 4 2  g ,  1 . 4 2  m o l ) ,  1 . 4 2  g £ -  
t o l u e n e s u l f o n i c  a c i d  and 0 . 3 5  g c o p p e r  a c e t a t e  w e r e  added
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t o  a 500 ml 3 - n e c k e d  r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  w i t h  
m a g n e t i c  s t i r r e r  and t h e r m o m e t e r .  C r o t o n a l d e h y d e  ( 8 8  m l ,
1 . 0  m o l)  was a d d e d  o v e r  f o u r  h o u r s  a n d  a c e t o n e  was d i s t i l l e d  
a s  fo rm ed .
When t h e  t h e o r e t i c a l  amount o f  a c e t o n e  h a d  b e e n  
rem o v e d ,  t h e  p r o d u c t  was f l a s h - d i s t i l l e d  t h r o u g h  a o n e -  
f o o t  co lum n p a c k e d  w i t h  g l a s s  h e l i c e s  by  a t t a c h i n g  t h e  s y s ­
tem t o  a vacuum pump so  t h a t  t h e  m a t e r i a l  w o u ld  i m m e d i a t e l y  
d i s t i l l  a t  5 mm.
R e d i s t i l l a t i o n  g a v e  50-69% o f  1 - a c e t o x y - l , 3 - b u t a d i e n e  
(X IV),  b o i l i n g  p o i n t  58°  (4 0  mm). The l i t e r a t u r e  b o i l i n g  
p o i n t  (13)  was 5 8 °  (40 mm).
IR S p e c t r u m  ( n e a t ) : t h e  e s t e r  c a r b o n y l  a b s o r b e d  a t
1775 cm"1 .
NMR S p e c t r u m  ( c a r b o n  t e t r a c h l o r i d e ) :  7 . 4  ( d o u b l e t ,
one  p r o t o n ) ;  6 . 1  ( m u l t i p l e t ,  two p r o t o n s ) ;  5 . 1  ( m u l t i p l e t ,  
one  p r o t o n ) ;  4 . 6  ( s i n g l e t ,  two p r o t o n s ) ;  8 . 0  ( d o u b l e t ,  t h r e e  
p r o t o n s ) .
R e a c t i o n  o f  1 - A c e t o x y b u t a d i e n e  w i t h  A l l y l  T e t r a h y d r o p y r a n y l  
E t h e r
E q u i m o l a r  am ounts  o f  1 - a c e t o x y b u t a d i e n e  and  a l l y l  
t e t r a h y d r o p y r a n y l  e t h e r  w e r e  h e a t e d  i n  a n  o i l  b a t h  a t  1 0 0 ° 
i n  a r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  w i t h  r e f l u x  c o n d e n s e r .  
A f t e r  16 h o u r s  no  c h an g e  was o b s e r v e d ,  and  t h e  t e m p e r a t u r e  
was i n c r e a s e d  t o  130° f o r  f o u r  h o u r s .  The o n l y  p r o d u c t s  o b ­
t a i n e d  w ere  u n c h a n g e d  a l l y l  t e t r a h y d r o p y r a n y l  e t h e r  and 
p o l y m e r .
R e a c t i o n  o f  1 - A c e t o x y b u t a d i e n e  w i t h  A c r y l i c  A c id
The p r o c e d u r e  o f  A l d e r  and  S c h u m ach er  (1 6 )  was
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f o l l o w e d .  F i f t e e n  grams o f  1 - a c e t o x y b u t a d i e n e  ( 0 . 1 3 4  m o l ) ,
12 g a c r y l i c  a c i d  ( 0 .1 6 7  m o l ) ,  50 ml d r y  b e n z e n e  a nd  a 
s p a t u l a - t i p  f u l l  o f  h y d r o q u i n o n e  w e re  r e f l u x e d  f o r  f i v e  h o u r s .  
B en zen e  and  u n c h a n g e d  s t a r t i n g  m a t e r i a l s  w e re  d i s t i l l e d  i n  
va cu o  ( a s p i r a t o r ) ,  l e a v i n g  a r e s i d u a l  y e l l o w  o i l ,  w h i c h  s o l i ­
d i f i e d  i n t o  a s e m i s o l i d  m ass  i n  a few h o u r s .  T h i s  m a t e r i a l  
was s p r e a d  on  a p o r o u s  p l a t e  and  l e t  s t a n d  a t  l e a s t  e i g h t  
h o u r s .  By t h i s  t i m e ,  c r u d e  w h i t e  c r y s t a l s  c o u l d  b e  r e c o v e r e d  
w i t h  a l o s s  o f  a b o u t  75%, o f  t h e  m a t e r i a l  s p r e a d  o n t o  t h e  p l a t e .  
The c r u d e  c r y s t a l s  w e re  r e c r y s t a l l i z e d  f ro m  e t h e r - p e t r o l e u m  
e t h e r ,  g i v i n g  a 13% y i e l d  o f  w h i t e  c r y s t a l s ,  mp 9 7 - 9 8 ° .  The 
l i t e r a t u r e  m e l t i n g  p o i n t  f o r  t h e  p r o d u c t ,  2 - a c e t o x y - c y c l o -  
h e x - 3 - e n - l - c a r b o x y l i c  a c i d  (XVI) was 9 8 - 9 9 °  ( 1 6 ) .
IR  S p e c t r u m  ( c a r b o n  t e t r a c h l o r i d e ) : t h e  a c i d  c a r b o n y l
a b s o r b e d  a t  1715 cm , w h i l e  t h e  e s t e r  c a r b o n y l  was a t  1750 
- 1cm
R e a c t i o n  o f  l - A c e t o x y - 2 - m e t h y l - l , 3 - b u t a d i e n e  w i t h  A c r y l i c  A c id
l - A c e t o x y - 2 - m e t h y l - l , 3 - b u t a d i e n e  (XIX) was p r e p a r e d  
f ro m  t i g l a l d e h y d e  ( 2 - m e t h y l b u t - 2 - e n a l )  and  i s o p r o p e n y l  a c e t a t e  
by t h e  same p r o c e d u r e  a s  t h a t  f o r  t h e  p r e p a r a t i o n  o f  1 - 
a c e t o x y b u t a d i e n e  ( X I I I ) .
XIX was t r e a t e d  w i t h  a c r y l i c  a c i d  f o l l o w i n g  t h e  p r o ­
c e d u r e  o f  A l d e r  a n d  S c h u m a c h e r  (16)  f o r  t h e  r e a c t i o n  o f  1 -  
a c e t o x y - 1 , 3 - b u t a d i e n e  w i t h  a c r y l i c  a c i d .  S e v e r a l  v a r i a t i o n s  
i n  t h e  p r o c e d u r e  w e re  c a r r i e d  o u t  i n  o r d e r  t o  l e s s e n  t h e  
amount  o f  p o l y m e r  f o r m e d .  H e a t i n g  t i m e  was v a r i e d  f ro m  f o u r  
t o  e i g h t  h o u r s .  T e m p e r a t u r e s  r a n g e d  f rom  20° t o  8 0 ° .  S o l ­
v e n t s  u s e d  w e r e  b e n z e n e  a n d  a c e t o n e ;  t h e  r e a c t i o n  was a l s o  
c a r r i e d  o u t  w i t h  no s o l v e n t .  R a t i o s  o f  d i e n e  t o  d i e n o p h i l e  
w e r e  c h a n g e d .  The  r e a c t i o n  was c a r r i e d  o u t  i n  a i r  a n d  u n d e r  
a n i t r o g e n  a t m o s p h e r e .
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The p r o c e d u r e  w h ic h  g a v e  t h e  b e s t  r e s u l t s  i s  a s  
f o l l o w s .  l - A c e t o x y - 2 - m e t h y l - l , 3 - b u t a d i e n e  ( 1 6 . 9  g ,  0 . 1 3 4  
m o l ) ,  a c r y l i c  a c i d  (12  g ,  0 .1 6 7  m o l ) ,  25 ml b e n z e n e  a n d  1 g 
h y d r o q u i n o n e  w e re  s t i r r e d  a n d  h e a t e d  a t  r e f l u x  o v e r  a w a t e r  
b a t h  f o r  f i v e  h o u r s .  The s o l u t i o n  was a l l o w e d  t o  s t a n d  
o v e r n i g h t  and  t h e  b e n z e n e  was removed i n  v a cu o  ( a s p i r a t o r ) . 
U n r e a c t e d  s t a r t i n g  m a t e r i a l s  w e re  t h e n  rem oved  by  vacuum 
d i s t i l l a t i o n  ( 1 - 2  mm) on a w a t e r  b a t h .  The y e l l o w  r e s i d u e  
was a l l o w e d  t o  c r y s t a l l i z e  i n  a b e a k e r  a n d  t h e  p a r t i a l l y  
s o l i d i f i e d  mass was s p r e a d  on  a p o r o u s  p l a t e  and  a l l o w e d  t o  
s t a n d  o v e r n i g h t .  R e c o v e r e d  c r y s t a l s  w e re  s c r a p e d  o f f  and  
r e c r y s t a l l i z e d  f ro m  e t h e r - p e t r o l e u m  e t h e r  t o  y i e l d  5  g (19%) 
w h i t e  n e e d l e - l i k e  c r y s t a l s  o f  2 - a c e t o x y - 3 - m e t h y l c y c l o h e x - 3 -  
e n - l - c a r b o x y l i c  a c i d  (X X I) ,  mp 1 1 2 - 1 1 4 ° .
IR  S p e c t r u m  ( c a r b o n  t e t r a c h l o r i d e )  showed a b s o r b a n c e s
-1 -1a t  1750 cm ( e s t e r  c a r b o n y l )  an d  1720 cm ( a c i d  c a r b o n y l ) .
NMR S p e c t r u m  ( c h l o r o f o r m ) :  5 . 8 5  ( d o u b l e t ,  one  p r o t o n ) ;
2 . 7  ( b r o a d  m u l t i p l e t ,  o n e  p r o t o n ) ;  2 . 1  ( s i n g l e t ,  3 p r o t o n s ) ;
1 . 6  ( s i n g l e t ,  one  p r o t o n ) .
A n a l . C a l c d  f o r  C, 60 .59%; H, 7 .12%. Found:
C, 60 .25% ; H, 7 .20% .
R e a c t i o n  o f  2 - A c e t o x y - 3 - m e t h y l c y c l o h e x - 3 - e n - l - c a r b o x y l i c  
A c i d  w i t h  O x a l y l  C h l o r i d e
The m e th o d  o f  Adams a n d  U le c h  (25 )  was f o l l o w e d  f o r  
t h i s  p r o c e d u r e .  I n  a 2 5 - m l ,  o n e - n e c k e d ,  r o u n d - b o t t o m e d  f l a s k ,  
w h ic h  was e q u i p p e d  w i t h  r e f l u x  c o n d e n s e r  and  t r a p  f o r  c o l l e c ­
t i o n  o f  g a s e s  e v o l v e d ,  w e re  p l a c e d  1 . 9 8  g ( 0 . 0 1  m o l)  2 - a c e t o x y -
3 - m e t h y l c y c l o h e x - 3 - e n - l - c a r b o x y l i c  a c i d  (X X I) ,  2 ml o x a l y l  
c h l o r i d e  ( 3 . Of g ,  0 . 0 2 5  m o l)  a n d  5 ml b e n z e n e .  R e a c t i o n  was 
i m m e d i a t e ,  w i t h  e v o l u t i o n  o f  g a s e s .
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The s o l i d  2 - a c e t o x y - 3 - m e t h y l c y c l o h e x - 3 - e n - l - c a r b o x y -  
l i c  a c i d ,  w h ich  h ad  b e e n  u n d i s s o l v e d  i n  t h e  b e n z e n e ,  went  
i n t o  s o l u t i o n .  The f l a s k  was m a i n t a i n e d  i n  an  i c e - w a t e r  
b a t h  u n t i l  b u b b l i n g  h a d  c e a s e d  ( a b o u t  o n e - h a l f  h o u r ) . At 
t h i s  t im e  t h e  s o l u t i o n  was r e f l u x e d  f o r  two h o u r s  on a 
s t e a m  b a t h .  Y i e l d  was assumed t o  b e  q u a n t i t a t i v e .
IR  S p e c t ru m  ( n e a t ) : T h e re  w e re  no s i g n s  o f  r e s i d u a l
a c i d .  C a r b o n y l  a b s o r p t i o n s  w ere  a t  1750 cm ( e s t e r  c a r ­
b o n y l )  and  1800 cm ^ ( a c y l  c a r b o n y l ) .
NMR S p e c t r u m  ( c h l o r o f o r m ) : T h e r e  w ere  two m e t h y l
r e s o n a n c e s :  a v e r y  s h a r p  one a t  2 .0 5  ( s i n g l e t ,  t h r e e
p r o t o n s )  and  a b r o a d e r  one  a t  1 . 6  ( t h r e e  p r o t o n s ) .
R e a c t i o n  o f  2 - A c e t o x y - 3 - m e t h y l c y c l o h e x - 3 - e n - l - c a r b o n y l  
C h l o r i d e  w i t h  Sodium B o r o h y d r i d e
The r e a c t i o n  was c a r r i e d  o u t  i n  a 2 5 0 - m l ,  t h r e e ­
n e c k e d ,  r o u n d - b o t to m e d  f l a s k  e q u ip p e d  w i t h  m a g n e t i c  s t i r r e r ,  
d r o p p i n g  f u n n e l ,  r e f l u x  c o n d e n s e r  and  o i l  b a t h .  2 - A c e t o x y -
3 - m e t h y l c y c l o h e x - 3 - e n - l - c a r b o n y l  c h l o r i d e  ( c a . 0 . 0 4  m o l)  i n  
4 1 . 5  ml d i o x a n e  was a d d e d  t o  a s u s p e n s i o n  o f  sod ium  b o r o ­
h y d r i d e  ( 2 . 2 7  g ,  0 . 0 6  m ol)  i n  23 ml  d i o x a n e  o v e r  a p e r i o d  o f  
one  h o u r ,  w i t h  v i g o r o u s  s t i r r i n g .  The m i x t u r e  was r e f l u x e d  
f o r  two and  o n e - h a l f  h o u r s ,  a t  w h ic h  t i m e  t h e  o r a n g e  s o l u t i o n  
was c o o l e d  and  p o u r e d  i n t o  1 0 0  ml i c e  a nd  w a t e r ,  w i t h  s t i r ­
r i n g .  The s o l u t i o n  was a c i d i f i e d  t o  pH 2 -3  w i t h  10% h y d r o ­
c h l o r i c  a c i d  and  t h e n  warmed on a h o t  p l a t e  t o  5 0 - 6 0 °  f o r  
tw e n ty  m i n u t e s .
The s o l u t i o n  was c o o l e d ,  p o u r e d  i n t o  a 500-m l  s e p a r a ­
t o r y  f u n n e l  and  e x t r a c t e d  w i t h  f o u r  50 -m l  p o r t i o n s  o f  e t h e r .  
The e t h e r  was washed  w i t h  5% sod ium  b i c a r b o n a t e  t o  n e u t r a l i t y .  
When t h e s e  b a s i c  w a s h in g s  w e re  a c i d i f i e d  and  f u r t h e r  h e a t e d ,
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a d d i t i o n a l  n e u t r a l  p r o d u c t  was o b t a i n e d .  I t  w ou ld  t h u s  seem 
t h a t  t h e  a c i d i c  p r o d u c t  o f  t h i s  r e a c t i o n  i s  a b o r a t e  c o m p le x ,  
s i n c e  upon  f u r t h e r  h e a t i n g  i t  i s  s a p o n i f i e d  t o  t h e  a l c o h o l .
The n e u t r a l  p r o d u c t  o f  t h e  r e a c t i o n  g a v e  a p o s i t i v e  
B o r d w e l l - W e l lm a n  t e s t  ( 3 5 ) .
IR  S p e c t r u m  o f  t h e  n e u t r a l  p r o d u c t  ( n e a t )  showed 
h y d r o x y l  ( b r o a d  s i n g l e  p e a k )  a t  3575 cm ^ a nd  c a r b o n y l  
a b s o r p t i o n  ( e s t e r )  a t  1750 cm"'*'.
NMR S p e c t r u m  showed p r o t o n s  a d j a c e n t  t o  h y d r o x y l  g r o u p  
a t  4 . 2 ,  m e t h y l  p r o t o n s  a t  1 . 4  a n d  a c e t a t e  p r o t o n s  a t  2 . 3 .
D io x a n e  f o r  t h i s  e x p e r i m e n t  was p u r i f i e d  by  r e f l u x -  
i n g  o v e r  c a l c i u m  h y d r i d e  f o r  24 h o u r s  a n d  t h e n  d i s t i l l i n g  
a t  a t m o s p h e r i c  p r e s s u r e .
S a p o n i f i c a t i o n  o f  2 - A c e t o x y - 3 - m e t h y l c y c l o h e x - 3 - e n - l - c a r -  
b o x y l i c  A c i d
To a s t i r r e d  s o l u t i o n  o f  6 . 0 8  g so d iu m  h y d r o x i d e  i n  
146 ml m e t h a n o l  was a d d e d  0 .0 7 6  mol (15 g)  2 - a c e t o x y - 3 -  
m e t h y l c y c l o h e x - e n - l - c a r b o x y l i c  a c i d .  Two m o le s  o f  so d iu m  
h y d r o x i d e  m u s t  be  u s e d  t o  e v e r y  m o le  o f  e s t e r ,  s i n c e  one  i s  
consum ed i n  c a r b o x y l a t e  s a l t  f o r m a t i o n .
The e s t e r  w en t  i n t o  s o l u t i o n  i m m e d i a t e l y .  A f t e r  t h e  
s o l u t i o n  h a d  b e e n  s t i r r e d  o v e r n i g h t  a t  a u t o g e n o u s  t e m p e r a ­
t u r e s ,  a w h i t e  s o l i d  p r e c i p i t a t e d .  The m i x t u r e  was c o o l e d  
a n d  n e u t r a l i z e d  w i t h  10% h y d r o c h l o r i c  a c i d  t o  pH 7 .  The 
m e t h a n o l  was e v a p o r a t e d  i n  v acu o  ( R in c o )  and  t h e  r e s i d u e  
d i l u t e d  w i t h  w a t e r ,  a c i d i f i e d  t o  pH 5 a n d  e x t r a c t e d  w i t h  f i v e  
p o r t i o n s  o f  e t h e r .  A f t e r  d r y i n g  (MgSO^) a n d  c o n c e n t r a t i n g  
t h e  e t h e r e a l  s o l u t i o n ,  1 2 . 5  g r e s i d u a l  y e l l o w  o i l  was o b t a i n e d .  
T h i s  s o l i d i f i e d  on  s t a n d i n g  a n d  s c r a t c h i n g  t o  a  y e l l o w - w h i t e  
s o l i d .  T h i s ,  when r e c r y s t a l l i z e d  f ro m  c y c l o h e x a n e - b e n z e n e ,
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g a v e  6  g (50.5%) w h i t e  c r y s t a l s ,  mp 1 0 7 - 1 0 8 ° .
Mixed m e l t i n g  p o i n t s  w i t h  a n  a u t h e n t i c  s a m p le  o f  
s t a r t i n g  m a t e r i a l  w e r e  b r o a d  and  v e r y  d e p r e s s e d .
T h i s  p r o d u c t ,  2 - h y d r o x y - 3 - m e t h y l c y c l o h e x - 3 - e n - l -  
c a r b o x y l i c  a c i d  (XXXV) g a v e  a p o s i t i v e  B o r d w e l l - W e l lm a n  
t e s t .  2 - A c e t o x y - 3 - m e t h y l c y c l o h e x - 3 - e n - l - c a r b o x y l i c  a c i d  
(XXI) d i d  n o t  g i v e  a p o s i t i v e  B o rd w e l l - W e l lm a n  t e s t  u n d e r  
t h e  same c o n d i t i o n s .
- 1
IR  S p e c t r u m  ( m u l l )  showed no a c e t a t e  p e a k  a t  1750 cm 
T h e r e  was a c a r b o n y l  r e s o n a n c e  a t  1720 cm and  b r o a d  h y ­
d r o x y l  a b s o r p t i o n  a t  3310  cm
NMR S p e c t r u m  ( c h l o r o f o r m - d )  showed a s h a r p  c y c l o h e x y l  
r e s o n a n c e  a t  1 . 8  a n d  a s i n g l e t  a t  7 . 2 5  w h ic h  d i s a p p e a r e d  on 
a d d i t i o n  o f  d e u t e r i u m  o x i d e .
A n a l . C a l c d  f o r  c g H ^ 2 ° 3 : 61.52%; H, 7 .74% . Found :
C, 61 .34%; H, 7 .50%.
P r e p a r a t i o n  o f  2 , 6 - D i c h l o r o b e n z o y l  C h l o r i d e
The m e th o d  o f  S t o r k  and  W h i t e  (3 )  was u s e d .  Twenty  
grams 2 , 6 - d i c h l o r o b e n z o i c  a c i d  ( A l d r i c h  D5745) was s t i r r e d  
a n d  r e f l u x e d  w i t h  2 2 . 5  ml p u r i f i e d  t h i o n y l  c h l o r i d e  (36)  f o r  
two h o u r s  i n  a n  o i l  b a t h .
The e x c e s s  t h i o n y l  c h l o r i d e  was d i s t i l l e d  a t  a t m o s ­
p h e r i c  p r e s s u r e  a n d  t h e  p r o d u c t  d i s t i l l e d  a t  8 6 - 8 8 ° ( 2 . 5 - 3 . 0  
mm). The l i t e r a t u r e  b o i l i n g  p o i n t  (3 )  i s  1 1 0 - 1 1 1 . 5 °  a t  7 . 5  
mm.
IR S p e c t r u m  ( n e a t )  o f  t h e  2 , 6 - d i c h l o r o b e n z o y l  c h l o r i d e  
showed t h e  c a r b o n y l  p e a k  a t  1800 cm , w i t h  a s h o u l d e r  a t  
1740 cm" . T h i s  i s  i n  c o n t r a s t  t o  b e n z o y l  c h l o r i d e ,  w h ic h  
a b s o r b s  a t  1773 cm
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R e a c t i o n  o f  2 - H y d r o x y - 3 - m e t h y l c y c l o h e x - 3 - e n - l - c a r b o x y l i c  
A c i d  w i t h  2 , 6 - D i c h l o r o b e n z o y l  C h l o r i d e
2 , 6 - D i c h l o r o b e n z o y l  c h l o r i d e  ( 2 . 4 0  g )  was s w i r l e d  
i n t o  a s o l u t i o n  o f  1 . 5 6  g ( 0 . 0 1  m ol)  2 - h y d r o x y - 3 - m e t h y l - 
c y c l o h e x - 3 - e n - l - c a r b o x y l i c  a c i d  (XXIV) i n  5 . 0  ml d r y  p y r i ­
d i n e .  The warmed s o l u t i o n  t u r n e d  y e l l o w  a n d  t h e n  s o l i d i f i e d .
I t  was warmed on  t h e  s t e a m  b a t h  f o r  two and  o n e - h a l f  h o u r s ,  
d u r i n g  w h ic h  t i m e  t h e  m a t e r i a l  l i q u e f i e d  a n d  n e e d l e - l i k e  
c r y s t a l s  o f  p y r i d i n e - h y d r o c h l o r i d e  p r e c i p i t a t e d .
The s o l u t i o n  was c o o l e d  i n  a  Dry I c e - A c e t o n e  b a t h  
a n d  2 0 - 3 0  ml o f  l i q u i d  ammonia was s w i r l e d  i n t o  t h e  r e a c t i o n  
m i x t u r e .  The ammonia was t h e n  a l l o w e d  t o  e v a p o r a t e  s l o w l y  
f r o m  t h e  r e a c t i o n  m i x t u r e .
The s o l u t i o n  was t h e n  p o u r e d  i n t o  75 ml c o l d  5% 
h y d r o c h l o r i c  a c i d  and  o i l y  d r o p l e t s  fo rm ed  i n  t h e  a c i d  s o l u ­
t i o n .  T h i s  was e x t r a c t e d  w i t h  e t h e r  a n d  t h e  e t h e r e a l  s o l u ­
t i o n  d r i e d  (MgSO^) a nd  c o n c e n t r a t e d ,  y i e l d i n g  a b o u t  1 g v e r y  
v i s c o u s  y e l l o w  o i l .  T h i s  was d i s s o l v e d  i n  p e t r o l e u m  e t h e r  
a n d  p a s s e d  t h r o u g h  C e l i t e  t o  remove am id e  f o r m e d .  The 
p e t r o l e u m  e t h e r  was t h e n  e v a p o r a t e d .
IR  S p e c t r u m  ( c a r b o n  t e t r a c h l o r i d e )  showed v e r y  b r o a d  
h y d r o x y l  r e s o n a n c e  f ro m  3400 cm ^ t o  2700 cm ^ w i t h  two s m a l l ,  
s h a r p  a b s o r b a n c e s  a t  3500 cm ^ a n d  3620  cm \  C a r b o n y l  p e a k s  
w e r e  a t  1720 cm ^ ( b r o a d ) .
P r e p a r a t i o n  o f  2 - E t h y l b u t - 2 - e n a l  (XXVI)
F i v e  mol a c e t a l d e h y d e  (281 m l)  and  f i v e  mol b u t y r a l -  
d e h y d e  (448 m l)  w e r e  d r o p p e d  i n t o  3 3 3 . 2  ml o f  v i g o r o u s l y  
s t i r r e d  IN so d iu m  h y d r o x i d e  s o l u t i o n .  The s o l u t i o n  became 
v e r y  h o t .  A f t e r  a d d i t i o n  was c o m p l e t e d  ( f i f t e e n  m i n u t e s ) ,  
t h e  m i x t u r e  was q u i c k l y  c o o l e d  i n  i c e  and  e x t r a c t e d  w i t h  e t h e r .
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The f r a c t i o n  d i s t i l l i n g  a t  4 0 - 6 5 °  (30 mm) was c o l ­
l e c t e d ,  y i e l d i n g  123 g p a l e  y e l l o w  m a t e r i a l .  The l i t e r a t u r e  
b o i l i n g  p o i n t  (29 )  was 3 6 - 3 7 °  (25 mm). R e d i s t i l l a t i o n  g a v e  
90 g c l e a r  d i s t i l l a t e ,  b o i l i n g  p o i n t  4 5 -4 8 °  ( 3 0  mm).
IR  S p e c t r u m  ( n e a t )  showed s t r o n g  c a r b o n y l  a t  1700
- 1  -1cm and  t h e  a l d e h y d e  p r o t o n  a t  2720 cm
R e a c t i o n  o f  l - A c e t o x y - 2 - e t h y l - b u t a d i e n e  w i t h  A c r y l i c  A c id
T w e n t y - e i g h t  g l - a c e t o x y - 2 - e t h y l - b u t a d i e n e  ( 0 . 2  mol)  
was m ixed  w i t h  18 g a c r y l i c  a c i d  ( 0 . 2 5  mol)  i n  75 ml b e n z e n e .  
N i t r o g e n  was b u b b l e d  t h r o u g h  t h e  r e a c t i o n  m i x t u r e  f o r  f i f t e e n  
m i n u t e s  a f t e r  h y d r o q u i n o n e  (o n e  s p a t u l a - t i p )  was a d d e d .  The 
s o l u t i o n  was t h e n  r e f l u x e d  f o r  f o u r  and  o n e - h a l f  h o u r s  u n d e r  
n i t r o g e n .
Upon e v a p o r a t i o n  o f  t h e  b e n z e n e ,  o n l y  p o ly m e r  
r e m a i n e d .  T h i s  c o n c l u s i o n  was r e a c h e d  by  t h e  f a c t  t h a t  t h e  
m a t e r i a l  c o u l d  n o t  b e  c r y s t a l l i z e d ,  n o r  d i d  s p r e a d i n g  on  a 
p o r o u s  p l a t e  y i e l d  any  s o l i d .
R e a c t i o n  o f  T i g l a l d e h y d e  w i t h  M e th y l  A c r y l a t e  C a t a l y z e d  by 
Sodium M e th o x id e
The p r o c e d u r e  o f  M eerw ein  f o r  t h e  r e a c t i o n  o f  a -  
m e t h y l - p - e t h y l  a c r o l e i n  a n d  b e n z a l a c e t o p h e n o n e  ( 8 ) was 
f o l l o w e d .  M e th y l  a c r y l a t e  ( 1 7 . 2  g ,  19 m l ,  0 . 2  m o l ) ,  t i g l a l ­
d e h y de  (25 m l ,  0 . 2 5  m o l ) ,  100 ml m e t h a n o l  a n d  16 ml 1% 
so d iu m  m e t h o x i d e  i n  m e t h a n o l  w e re  h e a t e d  a t  5 0 °  f o r  f i v e  
h o u r s .  A f t e r  s t a n d i n g  a n  a d d i t i o n a l  f i v e  h o u r s ,  t h e  b r i g h t  
y e l l o w  s o l u t i o n  was n e u t r a l i z e d  w i t h  5% h y d r o c h l o r i c  a c i d .  
M e th a n o l  was e v a p o r a t e d  an d  t h e  r e s i d u e  d i s s o l v e d  i n  e t h e r .  
The e t h e r e a l  s o l u t i o n  was w a sh e d  w i t h  w a t e r  a n d  d r i e d  o v e r  
a n h y d r o u s  m agnes ium  s u l f a t e .
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A f t e r  e v a p o r a t i o n  o f  t h e  e t h e r ,  1 8 .5  g b r i g h t  o r a n g e  
r e s i d u e  r e m a i n e d .  A n a l y s i s  by  v a p o r  p h a s e  c h r o m a t o g r a p h y ,  
u s i n g  a f o u r - f o o t  5% S i l i c o n e  O i l  200 on H a l o p o r t  F co lu m n  
a t  1 0 0 ° ,  showed a b o u t  30% t i g l a l d e h y d e  and  one  o t h e r  com­
p o n e n t  a t  l o w e r  r e t e n t i o n  t i m e .  No m e t h y l  a c r y l a t e  r e m a i n e d .  
( A s s i g n m e n t s  w ere  made by  c o m p a r i s o n  w i t h  known s a m p l e s ) .
T i g l a l d e h y d e  was rem oved  by  d i s t i l l a t i o n ,  and  t h e  
s p e c t r u m  o f  t h e  r e m a i n i n g  m a t e r i a l  showed o n l y  o n e  compound.
IR  S p e c t r u m  ( n e a t )  showed n o  h y d r o x y l  a b s o r p t i o n ,
-1 -1c a r b o n y l  a t  1750 cm , s t r o n g  C-0 s t r e t c h  a t  1115 cm
NMR S p e c t r u m  ( n e a t )  showed a t r i p l e t  a t  2 . 5  (2  p r o ­
t o n s ) ;  a  t r i p l e t  a t  3 . 6 5  (2 p r o t o n s ) ;  a  s i n g l e t  a t  3 . 3  (3 
p r o t o n s ) ;  and  a s i n g l e t  a t  3 . 6 5  (3 p r o t o n s ) .
On t h e  b a s i s  o f  s p e c t r a l  d a t a ,  t h e  p r o d u c t  i s  t h o u g h t  
t o  b e  m e t h y l  p - m e t h o x y p r o p i o n a t e ,  fo rm e d  by M i c h a e l  a d d i t i o n  
o f  m e t h o x i d e  i o n  t o  m e t h y l  a c r y l a t e .
R e a c t i o n  o f  l - A c e t o x y - 2 - m e t h y l - l , 3 - b u t a d i e n e  w i t h  A c r y l o ­
n i t r i l e
The p r o c e d u r e  f o l l o w e d  was t h a t  o f  F r a n k ,  Emmich, 
a n d  J o h n s o n  ( 2 2 ) .  l - A c e t o x y - 2 - m e t h y l - l , 3 - b u t a d i e n e  (35 m l ,
0 .2 6 8  m ol)  and  a c r y l o n i t r i l e  ( 1 4 . 2  g ,  0 .2 6 8  m o l )  w ere  r e f l u x e d  
i n  50 m l  a n h y d r o u s  b e n z e n e .  S e v e r a l  g ram s  o f  h y d r o q u i n o n e  
w ere  a d d e d .  A f t e r  24 h o u r s ,  t h e  b e n z e n e  was e v a p o r a t e d  a n d  
m e t h a n o l  a d d e d  t o  t h e  r e s i d u e .  A f t e r  150 ml o f  m e t h a n o l  h a d  
b e e n  a d d e d ,  a w h i t e  p o l y m e r  s e p a r a t e d  o u t  o f  s o l u t i o n  a n d  t h e  
m e t h a n o l  s o l u t i o n  was d e c a n t e d  f rom  t h i s  and d i s t i l l e d .  N in e  
grams o f  c l e a r  l i q u i d  d i s t i l l e d  b e tw e e n  1 1 4 - 1 2 4 ° .
IR  S p e c t r u m  showed s t r o n g  c a r b o n y l  a b s o r p t i o n  a t  
1750 cm ^ and  a  s t r o n g ,  s h a r p  n i t r i l e  a b s o r p t i o n  a t  2250 cm
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P r e p a r a t i o n  o f  2 - H y d r o x y m e t h y l c y c lo h e x a n o n e  (XXIX)
I n  a t h r e e - n e c k e d  2 - l i t e r  r o u n d - b o t t o m e d  f l a s k  w e re  
p l a c e d  250 ml c y c l o h e x a n o n e ,  222 ml 37% a q u e o u s  f o r m a l d e h y d e  
and  444  ml d i s t i l l e d  w a t e r .  The f l a s k  was e q u i p p e d  w i t h  a  
t h e r m o m e t e r ,  r e f l u x  c o n d e n s e r  a n d  o v e r h e a d  s t i r r e r .  The 
m i x t u r e  was c o o l e d  t o  2 0 ° a n d  c a l c i u m  h y d r o x i d e  was ad d ed  
u n t i l  t h e  m i x t u r e  was b a s i c  t o  p h e n o l p h t h a l e i n .  S t i r r i n g  
was c o n t i n u e d  f o r  f i v e  h o u r s  a n d  b a s i c i t y  m a i n t a i n e d  w i t h  
a d d i t i o n a l  c a l c i u m  h y d r o x i d e .
The s o l u t i o n  was n e u t r a l i z e d  w i t h  c o n c e n t r a t e d  h y d r o ­
c h l o r i c  a c i d  a n d  t h e  y e l l o w  e m u l s i o n  was p o u r e d  i n t o  a 2 - 1  
s e p a r a t o r y  f u n n e l  a n d  s a t u r a t e d  w i t h  ammonium c h l o r i d e .  The 
u p p e r ,  o r g a n i c  l a y e r  was s e p a r a t e d  and  t h e  a q u e o u s  l a y e r  was 
e x t r a c t e d  s e v e n  t i m e s  w i t h  e t h e r .  Upon d r y i n g  (MgSO^) a n d  
e v a p o r a t i o n  o f  t h e  e t h e r ,  685 g o r a n g e  o i l  r e m a in e d .
T h i s  m a t e r i a l  was v a c u u m - d i s t i l l e d  s e v e r a l  t i m e s  i n  
a n  e f f o r t  t o  remove m o s t  o f  t h e  u n c h a n g e d  c y c l o h e x a n o n e .  The 
f i n a l  p r o d u c t  c o n s i s t e d  o f  37 g c l e a r  l i q u i d ,  b o i l i n g  p o i n t  
(3 0 )  was 8 9 - 9 1 °  (5 mm).
A B o r d w e l l - W e l lm a n  t e s t  was p o s i t i v e .
IR  S p e c t r u m  showed b r o a d  h y d r o x y l  a t  3420  cm \  
c a r b o n y l  a t  1720 cm ^ ( n e a t ) .
B r o m i n a t i o n  o f  2 - H y d r o x y m e t h y l c y c l o h e x a n o n e  a n d  A t t e m p t e d  
D e h y d r o h a lo g e n a  t  i o n
2 - H y d r o x y m e t h y l c y c l o h e x a n o n e  ( 5 1 . 2  g ,  0 . 4  m ol)  was 
s t i r r e d  i n t o  a 1 - 1  f l a s k  w i t h  500 m l  a n h y d r o u s  m e t h a n o l .  The 
f l a s k  was e q u i p p e d  w i t h  r e f l u x  c o n d e n s e r ,  d r y i n g  t u b e ,  t h e r ­
m o m e te r ,  d r o p p i n g  f u n n e l  a n d  o v e r h e a d  s t i r r e r .
A few ml b r o m in e  was a d d e d .  The c o l o r  r a p i d l y  d i s ­
a p p e a r e d  so  t h e  s o l u t i o n  was c o o l e d  t o  15° and  t h e  r e m a i n d e r
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o f  t h e  b r o m in e  a d d e d  so  a s  t o  m a i n t a i n  s l i g h t  c o l o r a t i o n  o f  
t h e  s o l u t i o n .  When t h e  s o l u t i o n  was c o o l e d  t o  10° a n d  t h e  
b r o m in e  c o l o r  p e r s i s t e d  s e v e r a l  m i n u t e s ,  t h e  s o l u t i o n  was 
p o u r e d  i n t o  a  s t i r r e d  m i x t u r e  o f  1 0 0  g so d iu m  c a r b o n a t e  and  
400  ml e t h e r  and was s t i r r e d  f o r  s e v e r a l  m i n u t e s .  The 
m i x t u r e  was e x t r a c t e d  o n c e  w i t h  e t h e r  and  t h e  e t h e r e a l  s o l u ­
t i o n s  w e re  w ash ed  w i t h  w a t e r  and  d r i e d  w i t h  a n h y d r o u s  mag­
n e s i u m  s u l f a t e .
A l t e r n a t e l y ,  t h e  k e t a l  c o u l d  b e  fo rm ed  a f t e r  b r o m i -  
n a t i o n  by a d d i n g  t h e  b r o m i n a t e d  k e t o n e  t o  300 ml m e t h a n o l  
a n d  s t i r r i n g  w i t h  a few c r y s t a l s  o f  £ - t o l u e n e s u l f o n i c  a c i d  
f o r  t h r e e  h o u r s .  T h i s  i s  e a s i e r  s i n c e  t h e  k e t o n e  i s  a n  o i l  
w h e r e a s  t h e  k e t a l  i s  a w h i t e  s o l i d .  The k e t a l  was d i s s o l v e d  
i n  150 ml f r e s h l y  d i s t i l l e d  c o l l i d i n e ,  and  n i t r o g e n  was 
b u b b l e d  i n  f o r  o n e  a nd  o n e - h a l f  h o u r s .  The s o l u t i o n  was 
r e f l u x e d  f o r  t h r e e  h o u r s ,  a t  w h i c h  t im e  no s o l i d  was p r e s e n t .  
The c o o l e d  s o l u t i o n  was p o u r e d  i n t o  e x c e s s  10% h y d r o c h l o r i c  
a c i d  a n d  e x t r a c t e d  w i t h  e t h e r .  The  e t h e r e a l  s o l u t i o n  was 
d r i e d  (MgSO^) a n d  c o n c e n t r a t e d .
IR  S p e c t r u m  showed no h y d r o x y l ,  b u t  a c a r b o n y l  
- 1
a b s o r p t i o n  a t  1720 cm
D e h y d r o h a l o g e n a t i o n  w i t h  so d iu m  h y d r o x i d e  y i e l d e d  
o n l y  a b l a c k ,  gummy t a r  w h i c h  c o u l d  n o t  b e  c r y s t a l l i z e d .
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Few s t u d i e s  o f  c o n f o r m a t i o n a l  e q u i l i b r i a  h a v e  b e e n  
made f o r  1 , 1 - d i s u b s t i t u t e d  c y c l o h e x a n e s . F o u r  compounds 
w e re  c h o s e n  f o r  s t u d y  i n  t h i s  w ork :  3 - ( 1 1- h y d r o x y c y c l o -
h e x y l ) - p r o p y l  t ^ - p e n t y l  e t h e r  (1)  , 1 - o x a s p i r o  [4 .5 ]  d e c a n e  
( 2 ) ,  1 - h y d r o x y m e t h y l c y c l o h e x a n o l  (3 . ) ,  and  1 , 3 - d i o x a - 2 , 2 -  
d i m e t h y l s p i r o [ 4 . 5 ] d e c a n e  ( 4 ) .
I t  was fo u n d  t h a t  1^  showed much l e s s  c o n f o r m a t i o n a l  
p r e f e r e n c e  t h a n  m ig h t  b e  e x p e c t e d  f ro m  s t e r i c  c o n s i d e r a t i o n s .  
T h i s  e f f e c t  i s  a t t r i b u t e d  t o  h y d r o g e n - b o n d i n g  o f  t h e  h y d r o x y  
e t h e r .  Compounds 3_ a n d  4^  h ad  a n o m a lo u s  runr s p e c t r a :  i n
b o t h  c a s e s  t h e  a x i a l  e x o c y c l i c  m e t h y l e n e  p r o t o n s  a r e  a t  
h i g h e r  f i e l d  t h a n  t h e  e q u a t o r i a l .  The c o n f o r m a t i o n a l  e q u i ­
l i b r i u m  o f  compound 4 w o u ld  b e  i n c o r r e c t l y  p r e d i c t e d  f rom  
s t e r i c  o r  a d d i t i v i t y  c o n s i d e r a t i o n s .  P r o p o s e d  e x p l a n a t i o n s  
f o r  t h e s e  u n e x p e c t e d  r e s u l t s  a r e  d i s c u s s e d .
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INTRODUCTION
I n  1929,  Haworth'*' f i r s t  i n t r o d u c e d  t h e  t e r m  " c o n f o r ­
m a t io n "  t o  d e s i g n a t e  t h e  d i f f e r e n t  s p a t i a l  a r r a n g e m e n t s  o f  
t h e  atoms i n  a m o l e c u l e  o b t a i n a b l e  by  r o t a t i o n  a b o u t  one o r
m ore  s i n g l e  b o n d s .  T h i s  c a n  b e  i l l u s t r a t e d  by c y c l o h e x a n e ,
2
w h ic h  was r e c o g n i z e d  by S a c h s e  i n  1890 t o  e x i s t  i n  two form s 
f r e e  o f  a n g l e  s t r a i n :  t h e  r i g i d  o r  c h a i r  fo rm ,  and  t h e  f l e x ­
i b l e ,  o r  b o a t ,  f o rm .  I n  t h e  c h a i r  fo rm ,  t h e r e  a r e  two t y p e s  
o f  b o n d s ,  t h e  " a x i a l "  bonds  w h ic h  p o i n t  up  and down (a i n  
F i g u r e  I )  and t h e  " e q u a t o r i a l "  bonds  w h ic h  p o i n t  o u tw a rd  (e  
i n  F i g u r e  I ) .
e
F i g u r e  I
The c h a i r  fo rm  i s  f r e e  o f  a n g l e  s t r a i n ,  t o r s i o n a l  
s t r a i n  a n d  van  d e r  Waals  s t r a i n .  The b o a t  form i s  l e s s  
s t a b l e  a n d  so  f o r  t h e  m os t  p a r t ,  c y c l o h e x a n e  a nd  i t s  d e r i v a  
t i v e s  e x i s t  i n  t h e  c h a i r  fo rm .
I n  c y c l o h e x a n e ,  t h e r e  a r e  s i x  i d e n t i c a l  e q u a t o r i a l  
p r o t o n s  a n d  s i x  i d e n t i c a l  a x i a l  p r o t o n s .  S i n c e  i t  i s  
p o s s i b l e  f o r  t h e  l o c a l  m a g n e t i c  f i e l d  a t  t h e s e  a x i a l  and  
e q u a t o r i a l  p r o t o n s  t o  b e  d i f f e r e n t ,  i t  m ig h t  be  e x p e c t e d  
t h a t  n u c l e a r  m a g n e t i c  r e s o n a n c e  (nmr) s p e c t r o s c o p y  would
-1-
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show a c h e m i c a l  s h i f t  d i f f e r e n c e  b e tw e e n  t h e s e  a x i a l  and  
e q u a t o r i a l  p r o t o n s .  However,  c y c l o h e x a n e  c an  e x i s t  i n  two 
d i s t i n c t  c h a i r  c o n f o r m a t i o n s ,  i n  w h ich  t h e  a x i a l  p r o t o n s  
h a v e  become e q u a t o r i a l  a n d  v i c e  v e r s a .
e
F o r  c y c l o h e x a n e ,  t h i s  i n v e r s i o n  f rom  one  c o n f o r m e r  
t o  a n o t h e r  t a k e s  p l a c e  s o  r a p i d l y  t h a t  e q u a t o r i a l  and  a x i a l  
p r o t o n s  e x p e r i e n c e  o n ly  t h e  a v e r a g e  l o c a l  f i e l d ,  and  o n l y  
one a v e r a g e  s i g n a l  i s  o b s e r v e d .  I f  t h e  t e m p e r a t u r e  i s  s u f ­
f i c i e n t l y  low ,  t h e  r a t e  o f  c o n f o r m a t i o n a l  i n v e r s i o n  becomes 
much s l o w e r  t h a n  t h e  r a t e  o f  t h e  n u c l e a r  t r a n s i t i o n  o b s e r v e d  
and  two f a m i l i e s  o f  r e s o n a n c e s  a r e  s e e n  i n  t h e  nmr s p e c t r u m ,  
c o r r e s p o n d i n g  t o  t h e  e q u a t o r i a l  an d  a x i a l  p r o t o n s .
M o n o s u b s t i t u t e d  c y c l o h e x a n e s  may e x i s t  w i t h  t h e  s u b ­
s t i t u e n t  i n  e i t h e r  t h e  a x i a l  o r  e q u a t o r i a l  p o s i t i o n .  S i n c e  
t h e  c o n f o r m e r s  may i n t e r c o n v e r t ,  t h e  i s o m e r s  a r e  i n  e q u i l i b ­
r iu m  w i t h  one  a n o t h e r .  The s u b s t i t u e n t  i s  more  l i k e l y  t o  be 
i n  t h e  e q u a t o r i a l ,  r a t h e r  t h a n  t h e  a x i a l ,  p o s i t i o n .  T h i s  i s  
due t o  more  f a v o r a b l e  i n t e r a c t i o n s  b e tw e e n  t h e  s u b s t i t u e n t  
and  s y n - a x i a l  h y d r o g e n s  a n d  more f a v o r a b l e  r i n g  a n g l e  s t r a i n  
i n  t h e  e q u a t o r i a l  c o n f o r m e r .
F o r  c y c l o h e x a n e  s y s t e m s  w h ic h  a r e  f r e e  t o  go f rom  one 
c h a i r  c o n f o r m a t i o n  t o  t h e  o t h e r ,  t h e r e  i s  an e q u i l i b r i u m  c o n ­
s t a n t  K w h ic h  r e p r e s e n t s  t h e  r a t i o  o f  t h e  amount  o f  e q u a t o r i a l
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c o n f o r m e r  t o  t h e  amount  o f  a x i a l  c o n f o r m e r .  Thus K i s  e q u a l  
t o  ( e q u a t o r i a l ) / ( a x i a l ) .
X
S i n c e  t h e  m a j o r  c o n f o r m a t i o n  i s  u s u a l l y  t h e  o n e  w i t h  
t h e  e q u a t o r i a l  s u b s t i t u e n t ,  t h e  s t a n d a r d  f r e e  e n e r g y  d i f ­
f e r e n c e  AG° = -RT I n  K w ou ld  b e  n e g a t i v e  f o r  m os t  g r o u p s ,X
i n d i c a t i n g  t h e  e q u i l i b r i u m  i s  w e i g h t e d  t o  t h e  r i g h t ,  a s  
sh o w n .
T h i s  s t a n d a r d  f r e e  e n e r g y  d i f f e r e n c e ,  a l s o  known as  
t h e  c o n f o r m a t i o n a l  f ree  e n e r g y  d i f f e r e n c e  o r ,  s i m p l y ,  t h e  c o n ­
f o r m a t i o n a l  e n e r g y ,  h a s  b e e n  d e t e r m i n e d  f o r  a  number  o f  s u b ­
s t i t u e n t s ,  and  i t  i s  f o u n d  t h a t  t h i s  v a l u e  i s  t h e  l a r g e s t  
when r o t a t i o n  o f  t h e  s u b s t i t u e n t  c a n n o t  e l i m i n a t e  i n t e r f e r e n c e  
w i t h  t h e  a x i a l  r i n g  p r o t o n s .  I t  h a s  b e e n  fo u n d  t h a t  a s i n g l e  
a to m  a t t a c h e d  t o  a c y c l o h e x a n e  r i n g  w i l l  h a v e  a f a i r l y  s m a l l  
c o n f o r m a t i o n a l  e n e r g y  ( l e s s  t h a n  1 k c a l / m o l e )  r e g a r d l e s s  o f  
t h e  s i z e  o f  t h a t  s i n g l e  a to m .  A l t h o u g h  i o d i n e  i s  l a r g e r  t h a n  
c h l o r i n e ,  i t  a l s o  h a s  a l o n g e r  bond  l e n g t h .  S i n c e  i t  i s  t h u s  
f a r t h e r  f ro m  t h e  s y n - a x i a  1 p r o t o n s ,  t h e  c o n f o r m a t i o n a l  e n e r g y  
i s  a p p r o x i m a t e l y  t h e  same a s  t h a t  f o r  c h l o r i n e .
I t  i s  a l s o  f o u n d  t h a t  m e t h y l ,  e t h y l  a n d  i s o p r o p y l
g r o u p s  h a v e  a b o u t  t h e  same f r e e  e n e r g y  ( 1 . 8  -  2 . 1  k c a l / m o l e )
b e c a u s e  t h e  g r o u p  c a n  r o t a t e  i n  s u c h  a way a s  t o  r e d u c e  i n t e r -
3
a c t i o n  w i t h  t h e  r i n g .  B ut  when t h e  g r o u p  i s  t ^ - b u t y l ,  one  






g r o u p  i s  a x i a l ;  a n d  t h e  m o l e c u l e  i s  s e v e r e l y  d e s t a b i l i z e d  w i t h  
a -AG° o f  o v e r  5 . 4  k c a l / m o l e . ^
F o r  a d i s u b s t i t u t e d  c y c l o h e x a n e ,  i t  m ig h t  b e  e x p e c t e d  
t h a t  t h e  c o n f o r m a t i o n a l  e n e r g i e s  w o u ld  b e  a d d i t i v e ;  t h a t  i s ,  
t h e  p o s i t i o n  o f  c o n f o r m a t i o n a l  e q u i l i b r i u m  b e tw e e n  two i s o m e r s  
c o u l d  b e  a s s e s s e d  by  s u b t r a c t i n g  t h e  c o n f o r m a t i o n a l  e n e r g y  
o f  X f rom  t h a t  o f  Y, when t h e  e q u i l i b r i u m  i s  o f  t h e  X Y -— ^ 
X . Y . t * , . .
AG . , — AG -  AGc a l c d  Y X
T h e r e  seems t o  b e  a d d i t i v i t y  i n  c i s - 1 , 4 - s u b s t i t u t e d  
c y c l o h e x a n e s ,  b u t  t h i s  f a l l s  o f f  f o r  t r a n s - 1 , 3 - s u b s t i t u t e d  
c y c l o h e x a n e s .  C om p ar ing  t h e  1 , 3 - d i m e t h y l c y c l o h e x a n e  s y s t e m
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t o  t h e  1 , 4 - d i m e t h y l c y c l o h e x a n e ,  i t  was f o u n d ^  t h a t  t h e  c o n -
C o n f o r m a t i o n a l
E n e rg y
( k c a l / m o l e )
X
f o r m a t i o n a l  e n e r g y  i s  g r e a t e r  when t h e  g r o u p s  h a v e  a 1 , 3 -  
r a t h e r  t h a n  a  1 , 4 - r e l a t i o n s h i p .
By an  e x a m i n a t i o n  o f  W e s th e im e r  t y p e  c a l c u l a t i o n s ,  
A l l i n g e r  h a s  p r o p o s e d  t h e  f o l l o w i n g  e x p l a n a t i o n  f o r  t h e  
m e t h y l c y c l o h e x a n e s T h e  c a l c u l a t i o n s  i n d i c a t e d  t h a t  w h i l e  
e q u a t o r i a l  m e t h y l c y c l o h e x a n e  h a s  n o r m a l  b o n d  a n g l e s  and  b o n d  
l e n g t h s ,  a x i a l  m e t h y l c y c l o h e x a n e  does  n o t .  W h i le  i t  m ig h t  
b e  e x p e c t e d  t h a t ,  t o  r e d u c e  s y n - a x i a l  i n t e r a c t i o n s ,  t h e  
a x i a l  m e t h y l  g r o u p  m ig h t  b e n d  away f rom  t h e  r i n g ,  i t  i s  
f o u n d  i n s t e a d  t h a t  i t  i s  t h e  s y n - a x i a l  h y d r o g e n s  w h ic h  do t h e  
b e n d i n g .
I n  c y c l o h e x a n e ,  a n  a x i a l  h y d r o g e n  c a n  b e n d  o u t  r e a d i l y ,  
t h i s  b e n d i n g  b e i n g  o p p o s e d  o n l y  by  t h e  b e n d i n g  e n e r g y .  When 
t h e r e  i s  an  e q u a t o r i a l  m e t h y l ,  h o w e v e r ,  t h e  a x i a l  h y d r o g e n  w i l l  
i n c r e a s e  i t s  v a n  d e r  W aals  e n e r g y  (by i n t e r a c t i n g  w i t h  t h e  
h y d r o g e n s  on t h e  m e t h y l  g r o u p )  i f  i t  b e n d s  o u t w a r d .  I t  t h u s
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t e n d s  t o  bend  i n w a r d ,  t h e r e b y  i n t e n s i f y i n g  i t s  i n t e r a c t i o n  
w i t h  n e i g h b o r i n g  s y n - a x i a l  g r o u p s . T h a t  t h i s  i s  a g e n e r a l  
phenomenon c a n  b e  s e e n  b y  c o n s i d e r i n g  1 , 3 - t r a n s - d i m e t h y l - 
c y c l o h e x a n e .  One o f  t h e  s y n - a x i a l  h y d r o g e n s  c a n  bend  away 
f rom  t h e  a x i a l  m e t h y l ,  b u t  t h e  o t h e r ,  on t h e  same c a r b o n  as  
t h e  e q u a t o r i a l  m e t h y l ,  c a n n o t ,  and  t h e  c o n f o r m a t i o n a l  e n e r g y  
o f  t h e  a x i a l  m e t h y l  i s  h i g h e r  t h a n  i t  would  b e  i f  t h e r e  were  
no 3 - e q u a t o r i a l  m e t h y l .
T h e r e  a r e  no s u c h  i n t e r a c t i o n s  i n  t h e  1 , 4 - d i s u b s t i -  
t u t e d  compound and  t h e  c i s - 1 , 4 - i s o m e r  t h u s  h a s  a l o w e r  c o n ­
f o r m a t i o n a l  e n e r g y  r e l a t i v e  t o  t h e  t r a n s - 1 , 4 - i s o m e r  t h a n  t h e  
t r a n s - 1 , 3 - i s o m e r  r e l a t i v e  t o  t h e  c i s -1,3- i s o m e r .  C o n s e q u e n t l y ,  
i n  t h e  1 , 4 - s e r i e s  t h e r e  i s  a l a r g e r  p e r c e n t a g e  o f  t r a n s - 1 , 4 -  
d i m e t h y l c y c l o h e x a n e  a t  e q u i l i b r i u m  t h a n  t h e r e  i s  c i s - 1 ,3 -  
d i m e t h y l c y c l o h e x a n e  a t  e q u i l i b r i u m  i n  t h e  1 , 3 - s e r i e s .  By 
s i m i l a r  r e a s o n i n g ,  i t  would  be p o s t u l a t e d  t h a t  t r a n s - 3 - t -  
b u t y l c y c l o h e x a n o l  would  b e  o x i d i z e d  by  c h ro m ic  a c i d  much more 
q u i c k l y  t h a n  c i s - 4 - t - b u t y l c y c l o h e x a n o l .  T h i s  h a s  i n d e e d  b e e n  
fo u n d  t o  be  t h e  c a s e . ^
I t  w ou ld  b e  e x p e c t e d  t h a t  t h e r e  would n o t  b e  a d d i t i v ­
i t y  i n  1 , 2 - d i s u b s t i t u t e d  sy s te m s  s i n c e  t h e  g r o u p s  w ould  i n t e r ­
f e r e  w i t h  one a n o t h e r .
When a compound h a s  two s u b s t i t u e n t s  on t h e  same c a r ­
b o n ,  t h e  q u e s t i o n  a r i s e s  as  t o  w h ic h  o f  t h e s e  w i l l  p r e f e r  t o
b e  e q u a t o r i a l .  D e t a i l e d  s t u d i e s  h a v e  b e e n  c a r r i e d  o u t  on one
8 9s u c h  g e m i n a l l y  s u b s t i t u t e d  compound, 1 - m e t h y l c y c l o h e x a n o l . *
A f r e e  e n e rg y  d i f f e r e n c e  o f  - 0 . 3 5  k c a l / m o l e  was fo u n d  f o r  t h e
g
r e s u l t i n g  e q u i l i b r i u m  i n  DMSO a t  3 5 ° .
T h i s  v a l u e  i s  c o n s i d e r a b l y  s m a l l e r  t h a n  w o u ld  b e  
e x p e c t e d  i f  a d d i t i v i t y  w e r e  a s su m e d .  A m e t h y l  g r o u p  h a s  
a AG° v a l u e  o f  1 . 8  k c a l / m o l e . ^  The AG° v a l u e  f o r  h y d r o x y l  
seems t o  b e  g r e a t e r  i n  h y d r o g e n - b o n d  d o n a t i n g  s o l v e n t s
xo( c a . 0 . 6  k c a l / m o l e ) .  Thus f o r  t h i s  e q u i l i b r i u m ,  AG i s  
e q u a l  t o  - 0 . 9  k c a l / m o l e  ( - 1 . 8 + 0 . 9 )  o r  - 1 . 2  k c a l / m o l e  ( - 1 . 8 +  
0 . 6 ) ,  d e p e n d i n g  on  t h e  s o l v e n t .  The o b s e r v e d  v a l u e  i s  
c l e a r l y  s m a l l e r  t h a n  e i t h e r  o f  t h e s e .
A l l i n g e r  h a s  e x p l a i n e d  a s i m i l a r ,  b u t  s m a l l e r  l a c k  
o f  a d d i t i v i t y  f o r  1 - c h l o r o - l - m e t h y l c y c l o h e x a n e .  The 
f a v o r e d  c o n f o r m a t i o n  h a s  t h e  a x i a l  c h l o r i n e  p r e f e r r e d  by  
1 .0 3  k c a l / m o l e  ( t h i s  v a l u e  was c a l c u l a t e d  by  W e s th e im e r  
t h e o r y  and  i s  i n  e x c e l l e n t  a g r e e m e n t  w i t h  t h e  e x p e r i m e n t a l  
v a l u e ) .  The r o u g h  a p p r o x i m a t i o n  b y  a d d i t i v i t y  i s  1 . 2 1  
k c a l / m o l e .  A l l i n g e r  a t t r i b u t e s  t h i s  t o  a r e a l  c a l c u l a t i o n a l  
d i f f e r e n c e .  I f  a c h l o r i n e  i s  a x i a l  on a s e c o n d a r y  c a r b o n ,  
i t  t e n d s  t o  b e n d  o u t w a r d  t o  r e l i e v e  s y n - a x i a l  i n t e r a c t i o n s .  
When t h e r e  i s  a m e t h y l  on  t h e  same c a r b o n  a s  t h e  c h l o r i n e ,  
t h e  c h l o r i n e  i s  much l e s s  f r e e  t o  b e n d  a n d  t h e  s y n - a x i a l  
r e p u l s i o n s  a r e  g r e a t e r  t h a n  t h e y  w ou ld  b e  i f  t h e  m e t h y l  w e re  
n o t  p r e s e n t .  I f  t h e  m e t h y l  w e re  a x i a l ,  h o w e v e r ,  i t  w ou ld  n o t  
t e n d  t o  b e n d ,  so  t h e  p r e s e n c e  o f  a n  e q u a t o r i a l  c h l o r i n e  on 
t h e  same c a r b o n  w o u ld  h a v e  l i t t l e  e f f e c t .  Thus  t h e  e n e r g y
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o f  t h e  c o n f o r m a t i o n  w i t h  t h e  c h l o r i n e  a x i a l  i s  r a i s e d  r e l a t i v e  
t o  t h e  c o n f o r m a t i o n  w i t h  t h e  m e t h y l  a x i a l ,  and  would b e  l e s s  
p r e f e r r e d  t h a n  e x p e c t e d  f rom a d d i t i v i t y .
W hi le  some s t u d i e s  h a v e  b e e n  made on 1 , 1 - d i s u b s t i -  
t u t e d  s y s t e m s ,  v e r y  l i t t l e  i s  known a b o u t  t h e  i n f l u e n c e  o f  





The m e t h y l e n e c y c l o h e x a n e  o x i d e  s y s t e m  has  b e e n  s t u d i e d
and  i t  was fo u n d  t h a t  -AG° f o r  t h e  f o l l o w i n g  e q u i l i b r i u m  was
a b o u t  0 .1 5 + 0 . 1  k c a l / m o l e  ( u s i n g  m odel  compounds)  and  0 .2 6 + 0 . 0 4  
13k c a l / m o l e  u s i n g  l o w - t e m p e r a t u r e  nmr s p e c t r o s c o p y .
12
Thus i t  c a n  b e  s e e n  t h a t  r e d u c t i o n  o f  t h e  a n g l e  0 
does  c a u s e  a d e f i n i t e  c h an g e  i n  t h e  p r e f e r e n c e  o f  t h e  
g ro u p  f o r  t h e  e q u a t o r i a l  p o s i t i o n .
T h i s  s t u d y  i s  c o n c e r n e d  w i t h  f u r t h e r  e x a m i n a t i o n  o f  
g e m i n a l l y  s u b s t i t u t e d  c y c l o h e x a n e s ,  i n c l u d i n g  some i n  w h ich
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t h e  a n g l e  G i s  f i x e d .  The compounds w h ic h  w ere  c h o s e n  f o r  
s t u d y  w e re  3 - ( 1 ' - h y d r o x y c y c l o h e x y l ) - p r o p y l  t ^ - p e n ty l  e t h e r  
(.1) , 1 - o x a s p i r o  [4 .5 ]  d e c a n e  ( 2 ) ,  1 - h y d r o x y m e t h y l c y c l o h e x a n o l  





I n  s t u d y i n g  t h e  c o n f o r m a t i o n a l  e q u i l i b r i a  f o r  s u b ­
s t i t u t e d  c y c l o h e x a n e s ,  s e v e r a l  m ethods  h a v e  b e e n  em ployed .  
Among t h e s e  a r e  k i n e t i c  s t u d i e s e q u i l i b r i u m  s t u d i e s ' ^  and 
s p e c t r o s c o p i c  i n v e s t i g a t i o n s . ^  Of t h e  l a t t e r ,  nmr s p e c ­
t r o s c o p y  h a s  r e c e i v e d  p e r h a p s  t h e  g r e a t e s t  u s a g e .
I n  e s t i m a t i n g  c o n f o r m a t i o n a l  e q u i l i b r i a  by  nmr,  
s e v e r a l  e x p e r i m e n t a l  t e c h n i q u e s  may b e  em p lo y ed .  T h ese  i n ­
c lu d e  m easu rem en t  o f  t i m e - a v e r a g e  c h e m i c a l  s h i f t s  u s i n g  model
16 17compounds , m ea su re m e n t  o f  c o u p l i n g  c o n s t a n t s  o r  l i n e
18 19w i d t h s  , and  l o w - t e m p e r a t u r e  m easu re m e n t  o f  p e a k  a r e a s .
T h i s  work h a s  u t i l i z e d  t h e  f i r s t  and  l a s t  a b o v e -  
m e n t i o n e d  t e c h n i q u e s ,  and  t h e s e  w i l l  b e  f u r t h e r  d i s c u s s e d .
RESULTS AND DISCUSSION
Use o f  N u c l e a r  M a g n e t i c  R e s o n a n c e  S p e c t r o s c o p y  i n  C o n fo rm a­
t i o n a l  A n a l y s i s .
The c y c l o h e x a n e  s y s t e m  i s  e s p e c i a l l y  s u i t a b l e  f o r
s t u d i e s  o f  c o n f o r m a t i o n a l  e q u i l i b r i a ,  b e c a u s e  i t  c a n  e x i s t
i n  two f a v o r a b l e  c o n f o r m a t i o n s , c o r r e s p o n d i n g  t o  t h e  two
c h a i r  fo rm s  o f  c y c l o h e x a n e .  I t  i s  p o s s i b l e  f o r  t h e s e  two
fo rm s  t o  i n t e r c o n v e r t ,  a s  p r e v i o u s l y  m e n t i o n e d .  I t  r e q u i r e s
a b o u t  11 k c a l / m o l e  t o  ov e rcom e  t h e  t o r s i o n a l  r i g i d i t y  a n d  t o
c h a n g e  t h e  bond  a n g l e s  d u r i n g  t h e  i n t e r m e d i a t e  s t a t e .  D u r in g
t h i s  i n t e r c o n v e r s i o n ,  c y c l o h e x a n e  p a s s e s  t h r o u g h  a t w i s t
f o r m ,  h a v i n g  an  e n e r g y  minimum o f  £ a .  5 . 0  k c a l / m o l e .  T h i s
e n e r g y  i s  s t i l l  g r e a t e r  t h a n  e i t h e r  o f  t h e  two c h a i r  f o r m s .
T h e r e  a r e  s m a l l e r  e n e r g y  maxima o f  5 . 5  k c a l / m o l e  c o r r e s p o n d -
20i n g  t o  t h e  b o a t  f o r m s .
T h i s  i n t e r c o n v e r s i o n  i s  e a s i l y  a c c o m p l i s h e d  a t  room 
t e m p e r a t u r e  b e c a u s e  o f  t h e  t h e r m a l  e n e r g y  o f  t h e  m o l e c u l e ,  
a n d  o n l y  a v e r a g e d  p e a k s  a r e  o b s e r v e d  i n  t h e  nmr s p e c t r u m .
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I n  a s u b s t i t u t e d  c y c l o h e x a n e ,  t h e  r e s o n a n c e  s t u d i e d
c a n  b e  t h a t  o f  t h e  a -H ,  o r  a p r o t o n  f ro m  R. The p o s i t i o n
o f  t h e  a v e r a g e  p r o t o n  s i g n a l  a t  room t e m p e r a t u r e  w i l l  depend
d i r e c t l y  on  t h e  p o s i t i o n  o f  e q u i l i b r i u m .
21Gutowsky h a s  shown t h a t
( $  N + S  Ni) a v  a a e e
w he re  N and N a r e  t h e  mole  f r a c t i o n s  o f  a x i a l  and  e q u a -  a e ^
t o r i a l  c o n f o r m e r s ,  and  S  and  X  a r e  t h e  c h e m i c a l  s h i f t sa e
f o r  t h e  a x i a l  and  e q u a t o r i a l  p r o t o n s  b e i n g  s t u d i e d .  £ av  i s  
t h e  s h i f t  f o r  t h e  c o r r e s p o n d i n g  p r o t o n  i n  t h e  m o b i l e  s y s t e m .
T h e r e  a r e  s e v e r a l  ways t o  e s t a b l i s h  $  and  
One method  i s  t o  u s e  model  compounds ,  s u c h  as  t h e  c o r r e s p o n d ­
i n g  4 - _ t - b u t y l c y c l o h e x a n e s . The u s e  o f  s u c h  m od e ls  e n t a i l s  
t h e  a s s u m p t i o n  t h a t  t h e  c h e m i c a l  s h i f t  w i l l  n o t  b e  a f f e c t e d  
by t h e  4 - t ^ - b u t y l  s u b s t i t u e n t .
T h i s  a s s u m p t i o n  h a s  b e e n  (an d  s t i l l  i s  b e i n g )  much 
22d i s p u t e d .  M usher  fo u n d  t h a t  i n  a s e r i e s  o f  4 - a l k y l c y c l o -
h e x a n o l s  t h e  c h e m i c a l  s h i f t  o f  t h e  a - p r o t o n  v a r i e d  w i t h  t h e
a l k y l  s u b s t i t u e n t .  T h i s  o b s e r v a t i o n  was d i s p u t e d  by 
23W i n s t e i n  , who s t u d i e d  t h e  4 - a l k y l - 2 , 2 , 6 , 6 - t e t r a d e u t e r i o -
c y c l o h e x a n o l s  and  showed t h e  c h e m i c a l  s h i f t  o f  t h e  a - p r o t o n
t o  b e  i n d e p e n d e n t  o f  t h e  n a t u r e  o f  t h e  4 - a l k y l  g r o u p .
20I t  h a s  b e e n  p o s t u l a t e d  t h a t  t h i s  d i s a g r e e m e n t  was 
due  t o  t h e  d i f f i c u l t y  o f  m e a s u r i n g  t h e  t r u e  c h e m i c a l  s h i f t  
o f  t h e  a - p r o t o n  i n  t h e  n o n d e u t e r a t e d  compounds.  The r e s o ­
n a n c e  i s  s p l i t  by  s p i n - s p i n  c o u p l i n g  w i t h  a d j a c e n t  p r o t o n s .  
M usher  had  assum ed t h a t  t h e  s i g n a l  was s y m m e t r i c a l  and  t o o k  
t h e  g e o m e t r i c  c e n t e r  a s  t h e  c h e m i c a l  s h i f t .  T h i s  i s  n o t  
n e c e s s a r i l y  t h e  c a s e .  By d e u t e r a t i o n ,  t h e  s p l i t t i n g s  a r e  
g r e a t l y  r e d u c e d  and  a  s h a r p  p e a k  i s  o b t a i n e d  f o r  t h e  a - p r o t o n .
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When t h e  compound i s  a n a l y z e d  by  l o w - t e m p e r a t u r e  nmr 
s p e c t r o s c o p y ,  no  a s s u m p t i o n s  a r e  made .  At low t e m p e r a t u r e s ,
t h e  i n t e r c o n v e r s i o n  o f  t h e  two fo rm s i s  a l m o s t  c o m p l e t e l y
2  ^
p r e v e n t e d .  A t  - 6 7 ° ,  t h e  r a t e  o f  c h a i r  i n v e r s i o n  o f  c y c l o ­
h e x a n e  i s  o f  t h e  same o r d e r  o f  m a g n i t u d e  a s  t h e  c h e m i c a l  
s h i f t  d i f f e r e n c e  b e tw e e n  t h e  e q u a t o r i a l  a nd  a x i a l  p r o t o n s ,  
an d  t h e  o r i g i n a l  s i n g l e  p e a k  b e g i n s  t o  s e p a r a t e  i n t o  two 
p e a k s .  As t h e  t e m p e r a t u r e  g o e s  b e lo w  t h e  c o a l e s c e n c e  p o i n t ,  
two c l e a r l y  d e f i n e d  p e a k s  s h o u l d  b e  f o u n d .  The r a t i o  o f  t h e
p e a k  a r e a s  g i v e s  K d i r e c t l y .
25 e<*J e n s e n  h a s  p r o p o s e d  t h a t  t h e  s i m p l e s t  t e s t  o f  t h e
v a l i d i t y  o f  u s i n g  a 4 - _ t - b u t y l  g r o u p  i s  t o  e x am in e  t h e  nmr
s p e c t r a  o f  4 - -t - b u t y l c y c l o h e x y l  and  c y c l o h e x y l  d e r i v a t i v e s
b e lo w  - 8 0 ° .  He fo u n d  t h a t  i n  a l l  c a s e s  t h e  c h e m i c a l  s h i f t
( f r o m  TMS) was l a r g e r  f o r  t h e  c y c l o h e x y l  d e r i v a t i v e  t h a n  f o r
t h e  c o r r e s p o n d i n g  4 - <t - b u t y l  compound.
E l i e l  f o u n d  t h a t  s h i f t s  f o r  a x i a l  and  e q u a t o r i a l
CHC1 p r o t o n s  i n  c i s  a n d  t r a n s - 4 - t - b u t y l c y c l o h e x y l  c h l o r i d e s
w e r e  i n d e e d  d i f f e r e n t  f ro m  t h e  c o r r e s p o n d i n g  s h i f t s  i n  t h e
26l o w - t e m p e r a t u r e  s p e c t r u m  o f  c y c l o h e x y l  c h l o r i d e  i t s e l f .
How ever ,  h e  o b s e r v e d  t h a t  t h e  v a l u e  f o r  d e r i v e d  f ro m
t h e  4 - t ^ - b u t y l  compounds a g r e e d  w i t h  t h e  v a l u e s  f o u n d  b y  o t h e r
m e t h o d s ,  w h e r e a s  t h e  c o r r e s p o n d i n g  v a l u e s  f ro m  t h e  low -
t e m p e r a t u r e  s h i f t s  d i d  n o t .  S i n c e  E l i e l  c o m p a re d  t h e  t ^ b u t y l
m o d e l  compound a t  room t e m p e r a t u r e  w i t h  t h e  u n s u b s t i t u t e d
compound a t  low t e m p e r a t u r e ,  t h e  ano m a lou s  r e s u l t s  c o u l d  b e
e x p l a i n e d ,  i f  t h e  c h e m i c a l  s h i f t  f o r  t h i s  s y s t e m  i s  a f u n c -
27t i o n  o f  t e m p e r a t u r e ,  a s  J e n s e n  h a s  s u g g e s t e d .
J e n s e n  p o s t u l a t e d  t h a t  a v e r y  p r e c i s e  m e a su re m e n t  o f  
c o n f o r m a t i o n a l  e n e r g y  c a n  b e s t  b e  d e t e r m i n e d  by  m e a s u r i n g  t h e  
a r e a  u n d e r  t h e  a x i a l  a n d  e q u a t o r i a l  m e t h i n e  p r o t o n  r e s o n a n c e s  
u n d e r  c o n d i t i o n s  o f  s lo w  r i n g  i n v e r s i o n  on t h e  nmr t im e  s c a l e .
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28J e n s e n ' s  r e s u l t s  w e re  c o r r o b o r a t e d  b y  Ane t  , who u t i l i z e d
d e u t e r a t e d  s u b s t r a t e s .
29Noyce h a s  a n a l y z e d  t h e  c o n f o r m a t i o n a l  e q u i l i b r i u m  
o f  c y c l o h e x y l  m e t h a n e s u l f o n a t e  by i r }  nmr u s i n g  t h e  4-J : -  
b u t y l c y c l o h e x y l  m e t h a n e s u l f o n a t e s  a s  m ode l  compounds^ a n d  low- 
t e m p e r a t u r e  nmr. H is  r e s u l t s  f o l l o w .
-AG° V a lu e s  f o r  C y c l o h e x y l  M e t h a n e s u l f o n a t e  
Method  -AG°
I n f r a r e d  (CCl^)  0 . 5 3 + 0 . 1 0
Nmr (CCl^)  u s i n g  4 - t - b u t y l  compounds 0 . 4 8 + 0 . 1 0
Nmr (HOAc) u s i n g  4 - _ t - b u t y l  compounds 0 . 4 1 + 0 . 1 0
L o w - t e m p e r a t u r e  nmr (CS2 ) 0 . 5 6 + 0 . 0 3
I t  c a n  b e  s e e n  t h a t ,  w h i l e  t h e  v a l u e  f o r  -AG° u s i n g  
m odel  compounds i s  s m a l l e r  t h a n  t h e  v a l u e  o b t a i n e d  by  low -  
t e m p e r a t u r e  nmr,  t h e  d i f f e r e n c e  b e tw e e n  t h e  t e c h n i q u e s  i s  
r e a s o n a b l e .
W h i l e  b e t t e r  r e s u l t s  may i n d e e d  b e  o b t a i n e d  u s i n g  
l o w - t e m p e r a t u r e  n m r ,  t h i s  t e c h n i q u e  i s  b o t h  d i f f i c u l t  t o  u s e  
a n d  n o t  a p p l i c a b l e  t o  a l l  compounds .  At t h e  low t e m p e r a t u r e s  
r e q u i r e d ,  t h e  compound may n o t  b e  s o l u b l e  i n  a s u i t a b l e  s o l ­
v e n t .  B e c a u s e  t h e  s o l u t i o n  t e n d s  t o  become more  v i s c o u s  a t  
low t e m p e r a t u r e s ,  b r o a d e n i n g  o f  t h e  s i g n a l  i s  o b s e r v e d .
O f t e n ,  e v e n  a t  low t e m p e r a t u r e ,  t h e r e  i s  n o t  s u f f i c i e n t  s e p a ­
r a t i o n  o f  a x i a l  a n d  e q u a t o r i a l  p r o t o n s  f o r  a c c u r a t e  m e a s u r e ­
m en ts  t o  b e  made.  I n  v iew  o f  t h e  f a c t  t h a t  l o w - t e m p e r a t u r e  
r e s u l t s  o f t e n  a g r e e  q u i t e  c l o s e l y  w i t h  r e s u l t s  o b t a i n e d  u s i n g  
m ode l  com pounds ,  i t  w ou ld  a p p e a r  t h a t  t h i s  l a t t e r  m e th o d  i s  
a v a l i d  o n e ,  e s p e c i a l l y  i n  t h o s e  c a s e s  w h e re  no o t h e r  m e th o d  
i s  p o s s i b l e .
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3 - ( 1 1- H y d r o x y c y c l o h e x y l ) - p r o p y l  j i - P e n t y l  E t h e r  ( 1 ) .
Compound 1^  was p r e p a r e d  a c c o r d i n g  t o  t h e  f o l l o w i n g
30sc h e m e ,  u s i n g  t h e  p r o c e d u r e  o f  R enfrow  e t  a l .
CH~ , CH0
I ^  IT I
Br-CH2 -CH2 -CH2OH + CH3 -CH=C-CH3 - 2—* BrCH2CH2CH20-C-CH2CH3
CH„
CH ?  ^i 3 e t h e r








W h i le  s t u d i e s  h a v e  b e e n  made on a num ber  o f  1 , 1 - d i s u b -
s t i t u t e d  compounds w h e r e  one  o f  t h e  s u b s t i t u e n t s  i s  h y d r o x y l ,
t h e r e  h a v e  b e e n  no r e p o r t e d  s t u d i e s  o f  a h y d r o x y  e t h e r .
I t  w o u ld  b e  e x p e c t e d  t h a t  t h e  h y d ro x y  e t h e r  1^  w ou ld
31be c a p a b l e  o f  h y d r o g e n  b o n d i n g .  T i c h y  h a s  s t a t e d  t h a t  t h e  
h y d r o g e n  bond  c a n  b e  e i t h e r  l i n e a r  ( F i g .  2) o r  n o n l i n e a r  
( F i g .  3 ) .
H
A --  H --------B A B
x  \  i i
F i g u r e  2 F i g u r e  3
32I t  h a s  b e e n  f o u n d  t h a t  t h e  s t r o n g e s t  h y d r o g e n  bond  i s  fo rm ed  
when t h e  t h r e e  p a r t i c i p a t i n g  a tom s a r e  c o l i n e a r  and  t h e  bond  
i s  c o l i n e a r  w i t h  t h e  l o n e - e l e c t r o n  p a i r  o r b i t a l  o f  t h e  a c c e p t o r  
B. S i n c e  any  d e v i a t i o n  f ro m  c o l i n e a r i t y  w i l l  weaken t h e  h y d r o ­
gen  b o n d ,  t h e  a l m o s t  l i n e a r  b r i d g e  w h ic h  c o u l d  b e  f o r m e d  i n  1^
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w o u ld  b e  e x p e c t e d  t o  b e  q u i t e  s t r o n g .  T h i s  i s  shown t o  b e  
t r u e  by  e x a m i n a t i o n  o f  t h e  0 .5M i r  s p e c t r u m  i n  c a r b o n  t e t r a ­
c h l o r i d e ,  w h ic h  shows a v e r y  s t r o n g  b o n d e d  0 -H  a b s o r p t i o n  a t  
3420  cm b u t  o n l y  a v e r y  weak  n o n - b o n d e d  i n t e r a c t i o n  a t  
3610 cm
The c o n f o r m a t i o n a l  e q u i l i b r i u m  o f  1^  was e v a l u a t e d  
by t h e  u s e  o f  nmr s p e c t r o s c o p y .  The m ode l  compounds u s e d  
w e re  c i s -  a n d  t r a n s - 3 - ( 4 1- t - b u t y l - 1 1- h y d r o x y c y c l o h e x y l ) - 
p r o p y l  t , - p e n t y l  e t h e r  (5^). I n  t h i s  w o rk ,  c i s -  and  t r a n s - 
w i l l  r e f e r  t o  t h e  r e l a t i o n  o f  t h e  a l k y l  g r o u p s  t o  o n e  
a n o t h e r  ( e . g .  , t ^ - b u t y l  and  - C I ^ - ) .
( c h 2 ) 3o
c i s - 5 t r a n s - 5
33The s p e c t r u m  was m e a s u r e d  i n  DMSO. I t  h a s  b e e n  fo u n d  
t h a t  i n  DMSO s t r o n g  h y d r o g e n  b o n d i n g  t o  t h e  s o l v e n t  s h i f t s  t h e  
h y d r o x y l  r e s o n a n c e  o f  a n  a l c o h o l  d o w n f i e l d ,  u s u a l l y  t o  b e lo w  
4 ppm. B e c a u s e  DMSO d o e s  n o t  c o n t a i n  t r a c e s  o f  a c i d  t o  c a t a ­
l y z e  p r o t o n  e x c h a n g e  ( a s  do c a r b o n  t e t r a c h l o r i d e  a nd  c h l o r o ­
fo rm )  , s p i n - s p i n  s p l i t t i n g  o f  h y d r o x y l  p e a k s  c a n  b e  o b s e r v e d .
The a s s i g n m e n t  o f  c i s -  and  t r a n s -  c o n f i g u r a t i o n s  o f
34was made a s  f o l l o w s .  I t  h a s  b e e n  s u g g e s t e d  t h a t  c o n f o r m a ­
t i o n a l  s h i e l d i n g  a r i s e s  f rom  n o n - b o n d e d  i n t e r a c t i o n s  b e tw e e n  
a n  a x i a l  s u b s t i t u e n t  a nd  t h e  s y n - a x i a l  r i n g  p r o t o n s .  T h e s e  
i n t e r a c t i o n s  a r e  a b s e n t  when t h e  s u b s t i t u e n t  i s  e q u a t o r i a l ,  
an d  c a u s e  t h e  r e s o n a n c e  o f  t h e  s h i e l d e d  a x i a l  s u b s t i t u e n t  t o  
b e  h i g h e r  f i e l d  t h a n  t h a t  o f  t h e  e q u a t o r i a l  g r o u p .  When t h e
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s u b s t i t u e n t  i s  h y d r o x y l ,  t h i s  does  seem t o  b e  t h e  c a s e .
33Chapman and  King  fo u n d  t h a t  i n  DMSO, c i s - 4 - t - b u t y l c y c l o -  
h e x a n o l  h a s  a h y d r o x y l  r e s o n a n c e  a t  4 . 1 1  ppm, w h i l e  t r a n s -
4 - t - b u t y l c y c l o h e x a n o l  r e s o n a t e d  a t  4 .4 5  ppm. S i m i l a r l y ,
g
U e b e l  o b s e r v e d  t h e  h y d r o x y l  r e s o n a n c e  o f  t r a n s - 4 - t - b u t y l -
1 - m e t h y l c y c l o h e x a n o l  a t  4 . 8 + 0 . 2  Hz d o w n f i e l d  f rom t h e  low- 
13f i e l d  C -H s a t e l l i t e  o f  DMSO, w h i l e  c i s - 4 - t - b u t y l - 1 - m e t h y l -  
c y c l o h e x a n o l  r e s o n a t e d  a t  + 2 7 . 9 + 0 .1  Hz.
The r e s o n a n c e s  o b s e r v e d  i n  DMSO f o r  t h e  hy droxy  
e t h e r  s e r i e s  w ere  a s  f o l l o w s .
Compound
3 - ( 1 ' - h y d r o x y c y c l o h e x y l ) - p r o p y l  
t ^ - p e n ty l  e t h e r  Q )
c i s - 3 -  ( 4 1 - _ t - b u t y l - 1 '  - h y d r o x y ­
c y c l o h e x y l ) - p r o p y l  _ t - p e n t y l  
e t h e r  ( c i s - 5 )
t r a n s - 3 - (4* - _ t - b u t y l - 1 ' - h y d r o x y ­
c y c l o h e x y l )  - p r o p y l  t ^ - p e n ty l  
e t h e r  ( t r a n s - 5 )
H y d ro x y1 -R eson an ce  
3 . 0  Hz d o w n f i e l d
1 2 .0 5  Hz d o w n f i e l d  
5 . 5 5  Hz u p f i e l d
a .  A l l  r e s o n a n c e s  a r e  an a v e r a g e  o f  two o r  more s c a n s  
a t  an  ex pand ed  s c a l e ,  a n d  a r e  m e a s u r e d  i n  Hz f rom  
t h e  l o w - f i e l d  C ^  s a t e l l i t e  o f  DMSO, t a k e n  as  227 
Hz d o w n f i e l d  f ro m  TMS. TMS i s  u s e d  a s  e x t e r n a l  
s t a n d a r d  ( c a p i l l a r y ) .
From t h e s e  d a t a ,  i t  was c a l c u l a t e d  t h a t  f o r  t h e  
e q u i l i b r i u m ,
OH
r  OH
( c h 2) 3o-
( ch2 ) 3o
K = 1 .0 5 1 + 0 .0 0 6  and  AG° = - 0 . 0 3 1  k c a l / m o l e
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T h a t  t h e r e  i s  s o  l i t t l e  c o n f o r m a t i o n a l  p r e f e r e n c e  i s  
somewhat  s u r p r i s i n g .  W h i l e  no f i g u r e s  a r e  a v a i l a b l e  f o r  t h e  
p r o p y l  j t - p e n t y l  e t h e r  g r o u p ,  t h e  c o n f o r m a t i o n a l  e n e r g y  f o r  
n - p r o p y l  h a s  b e e n  e s t i m a t e d  a s  2 . 1  k c a l / m o l e .  C l e a r l y ,
t h e r e  i s  s o m e th i n g  o t h e r  t h a n  a s t e r i c  e f f e c t  a t  w o rk ,  s i n c e  
t h e  p r o p y l  _ t - p e n t y l  e t h e r  g r o u p  i n  _1 i s  i n d i c a t e d  t o  h a v e  
m ore  p r e f e r e n c e  f o r  t h e  a x i a l  p o s i t i o n  t h a n  m e t h y l  i t s e l f  i n  
1 - m e t h y l c y c l o h e x a n o l . T h i s  e f f e c t  i s  p r o b a b l y  due  t o  t h e  
f a c t  t h a t  1 e x i s t s  i n  t h e  h y d r o g e n - b o n d e d  f o r m ,  w h e re  t h e  _t- 
p e n t y l  g r o u p  c a n  i n t e r a c t  w i t h  o t h e r  p r o t o n s .  E x a m i n a t i o n  
o f  m o d e l s  i n d i c a t e s  t h a t  t h e  a x i a l  h y d r o x y l  fo rm  o f  1^  i s  
d e s t a b i l i z e d  r e l a t i v e  t o  t h e  e q u a t o r i a l  h y d r o x y l  fo rm  b e c a u s e  
n o n b o n d e d  i n t e r e a c t i o n s  o f  t h e  p r o t o n s  o f  t h e  J t - p e n t y l  m o ie t y  
w i t h  t h e  r i n g  p r o t o n s .
C —  C — CH-CH 
/  I '
T h i s  i n t e r a c t i o n  c a u s e s  a  l e s s e n i n g  o f  t h e  c o n f o r m a t i o n a l  
p r e f e r e n c e  f o r  t h e  a x i a l  h y d r o x y l  fo rm  o f  1^ .
I t  w o u ld  b e  e x p e c t e d  t h a t  i n t r a m o l e c u l a r  h y d r o g e n -  
b o n d i n g  i n  t h i s  s y s t e m  m i g h t  b e  a p p r e c i a b l e  e v e n  i n  DMSO, 
b e c a u s e  t h e  h y d r o g e n  b o n d  fo rm ed  i n  t h i s  c a s e  i s  e x t r e m e l y  
s t a b l e .  T h i s  c o u l d  b e  t e s t e d  by  r u n n i n g  t h e  nmr i n  a n o n ­
h y d r o g e n - b o n d i n g  s o l v e n t ,  a nd  c o m p a r in g  t h e  s p e c t r u m  t o  t h a t  
i n  DMSO. U n f o r t u n a t e l y ,  t h e s e  compounds a r e  n o t  s o l u b l e  i n  
c a r b o n  t e t r a c h l o r i d e ,  b u t  a s u i t a b l e  s o l v e n t  s h o u l d  b e  
a v a i l a b l e .
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The 1 - Q x a s p i r o f 4 . 5 ] d e c a n e  S y s t e m .
1 -Oxa- 8 - m e t h y l s p i r o [ 4 . 5 ] d e c a n e  (2)  and  l - o x a - 8 - t -  
b u t y l s p i r o  [ 4 .5 ]  d e c a n e  ( 6 )  w e re  p r e p a r e d  f rom  t h e  a p p r o p r i a t e
t i o n  m i x t u r e  w h ic h  c o u l d  n o t  b e  c o r r e c t e d .  T h i s  seems t o  be  
common t o  a n o t h e r  member o f  t h e  s p i r o  s e r i e s  w h e re  n = 2 ,
i  3 5a l s o .
The 8 - m e t h y l  compound was s e p a r a t e d  i n t o  two f r a c ­
t i o n s  by  v p c .  However ,  t h e s e  i s o m e r s  c o u l d  n o t  b e  c h a r a c ­
t e r i z e d ,  and  t h e  m a j o r  i s o m e r ,  w h ic h  h a d  t h e  s h o r t e r  r e t e n ­
t i o n  t i m e  on a  1 5 '  25% XF-1150 c o lu m n ,  was r e f e r r e d  t o  a s  A - 2 , 
w h i l e  t h e  m in o r  i s o m e r  was B - 2 .
The r e a d i l y  i d e n t i f i c a b l e  m e t h y l e n e  p r o t o n  a d j a c e n t
h y d r o x y  e t h e r s  b y  t h e  m eth o d  o f  R enfrow  e t  a l . 30
R
2 ,  R = CH3 
6 ,^ R = t - b u t y l
T h e r e  was a  s e v e r e  p r o b l e m  w i t h  fo am in g  o f  t h e  r e a c -
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t o  t h e  e t h e r  oxy gen  a p p e a r e d  a s  a  t r i p l e t  i n  t h e  nmr s p e c ­
t r u m .  The t r i p l e t  f ro m  A-2 a p p e a r e d  c e n t e r e d  a t  3 . 6 8 ,  
w h i l e  t h a t  f ro m  B-2  was a t  ef 3 . 6 6 .  T h e r e  w e r e  s l i g h t  d i f ­
f e r e n c e s  i n  t h e  i r  s p e c t r a ,  b u t  n o t  e n o u g h t  t o  c h a r a c t e r i z e  
t h e  i s o m e r s .
E q u i l i b r a t i o n s  b e tw e e n  t h e  two i s o m e r s  w e re  a t t e m p t e d .  
T r i f l u o r o a c e t i c  a c i d  i n  c h l o r o f o r m  a n d  h y d r o c h l o r i c  a c i d  i n  
m e t h a n o l  c a u s e d  no  c h a n g e  i n  t h e  c o n f o r m a t i o n a l  p r e f e r e n c e  o f  
2 , e v e n  w i t h  p r o l o n g e d  h e a t i n g  a t  8 0 ° .  B o th  s u l f u r i c  a c i d /  
g l a c i a l  a c e t i c  a c i d  and  b o r o n  t r i f l u o r i d e - e t h e r a t e  c a u s e d  
s e v e r e  s i d e - r e a c t i o n s , s u c h  t h a t  no e s t i m a t e  o f  t h e  e q u i l i ­
b r i u m  c o n s t a n t  c o u l d  b e  made.
l - O x a - 4 - t ^ - b u t y l s p i r o  [ 4 . 5 ] d e c a n e  c o u l d  n o t  b e  s e p a r a t e d  
i n t o  c i s -  a n d  t r a n s - i s o m e r s  b y  v p c .
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1 - H y d r o x y m e t h y l c y c lo h e x a n o l  ( 3 j .
1 - H y d r o x y m e t h y l c y c lo h e x a n o l  Q )  was p r e p a r e d  by
o x i d a t i o n  o f  m e t h y l e n e c y c l o h e x a n e  ( A l d r i c h  1 1 , 1 0 1 - 5 )  w i t h
p e r f o r r a i c  a c i d .  4 - t ^ - B u t y l - l - h y d r o x y m e t h y l c y c l o h e x a n o l  (7_)
was p r e p a r e d  by o x i d a t i o n  o f  4 - £ - b u t y l m e t h y l e n e c y c l o h e x a n e
36(j3) a c c o r d i n g  t o  t h e  p r o c e d u r e  o f  B a u m g a r te n .
T h e r e  w ere  two a l t e r n a t e  m ethods  o f  s y n t h e s i s  f o r  8 .
T h i s  m ethod  was c o m p l i c a t e d  by  t h e  p r e s e n c e  o f  a  c o p io u s  
amount o f  t r i p h e n y l p h o s p h i n e  o x i d e .
In  t h e  p r e f e r r e d  mode o f  s y n t h e s i s ,  m e t h y l e n e  t r a n s
f e r  t o  t h e  c y c l o h e x a n o n e  was c a r r i e d  o u t  w i t h  m e t h y l e n e  
bromide and magnesium amalgam.








I t  i s  t h o u g h t  t h a t  t h e  r e a c t i o n  p r o c e e d s  by  one  o f  
t h e  a b o v e  p a t h s .
O x i d a t i o n  o f  w i t h  p e r f o r r a i c  a c i d  g i v e s  a m i x t u r e  




t r a n s - 7
c i s - 7
h2oh
OH
The m i x t u r e  o f  d i o l s  c o u l d  n o t  b e  s e p a r a t e d  by
colum n c h r o m a t o g r a p h y  o r  v p c  ( s e e  e x p e r i m e n t a l  s e c t i o n  f o r
d e t a i l s ) . An nmr o f  t h e  m i x t u r e  i n  c h l o r o f o r m  showed t h e
c a r b i n o l  c a r b o n  p r o t o n  r e s o n a n c e s  a s  two s i n g l e t s ,  s e p a r a t e d
b y  1 0 . 2  Hz, a t  ^ 3 . 3 9  and  & 3 . 4 6 .  The u n s u b s t i t u t e d  d i o l  3^
showed c a r b i n o l  p r o t o n  r e s o n a n c e  a t  <T3.56.
I t  was e x p e c t e d  t h a t  t h e  h i g h - f i e l d  r e s o n a n c e  was
due  t o  t h e  p r o t o n s  on  t h e  a x i a l  c a r b i n o l  c a r b o n  i n  c i s -  7_.
I t  i s  known t h a t  f o r  many s y s t e m s  a n  a x i a l  p r o t o n  d i r e c t l y
a t t a c h e d  t o  t h e  c y c l o h e x a n e  r i n g  a b s o r b s  a t  h i g h e r  f r e q u e n -
39c i e s  t h a n  i t s  e q u a t o r i a l  c o u n t e r p a r t .  I n  1 - m e t h y l c y c l o -  
h e x a n o l ,  t h e  a x i a l  m e t h y l  p r o t o n s  r e s o n a t e  4 . 6  Hz h i g h e r  t h a n  
t h e  e q u a t o r i a l  m e t h y l  p r o t o n s . ^
I n  o r d e r  t o  t e s t  t h i s  h y p o t h e s i s ,  i t  was d e c i d e d  t o  
s y n t h e s i z e  p u r e  t r a n s - 7 .  The p r o c e d u r e  w h ic h  was c h o s e n  i s
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a s  f o l l o w s .
t r a n s - 4 - t - B u t y l m e t h y l e n e c y c l o h e x a n e  o x i d e  was p r e -
41p a r e d  a c c o r d i n g  t o  t h e  m e th o d  o f  C o re y .  I t  h a d  b e e n  fo u n d  
t h a t  a d d i t i o n  o f  d i m e t h y l o x o s u l f o n i u m  m e t h y l i d e  [ (CH^^SOCH^ 
t o  4 - J : - b u t y l c y c l o h e x a n o n e  i s  s t e r e o s p e c i f i c  and  p r o d u c e s  t h e  
o x i r a n e  _9 i n  h i g h  y i e l d .
( CH? ) ? S0CH^
CH
Corey  r e p o r t e d  t h a t  l i t h i u m  a luminum h y d r i d e  r e d u c ­
t i o n  o f  t h e  o x i r a n e  gave  t r a n s - 4 - t - b u t y l - l - m e t h y l c y c l o h e x a n o l  
f r e e  o f  t h e  c i s - i s o m e r .  I n  t h i s  w o rk ,  r e a c t i o n  o f  4 - _ t - b u t y l -  
c y c l o h e x a n o n e  w i t h  d i m e t h y l o x o s u l f o n i u m  m e t h y l i d e  gav e  a 
s i n g l e  p r o d u c t ,  i d e n t i f i e d  a s  j? by  c o m p a r i s o n  w i t h  s p e c t r a  
o f  an  a u t h e n t i c  s a m p le .  ^ > 4 ^
The h y d r o l y t i c  c l e a v a g e  o f  9_ was t h e n  e f f e c t e d  s t e r e o -
s p e c i f i c a l l y  u s i n g  p o t a s s i u m  h y d r o x i d e  i n  857o DMSO-water. I t  
43was fo u n d  t h a t  DMSO c a u s e d  l a r g e  r a t e  e n h an c em en ts  i n  b a s e -
c a t a l y z e d  r e a c t i o n s  b e c a u s e  o f  i t s  h i g h  p o l a r i t y  and  low
44s o l v a t i n g  power f o r  a n i o n s .  B e r t i  fo u n d  t h a t  1 - p h e n y l -
c y c l o h e x e n e  o x i d e  was h y d r o l y z e d  e x c l u s i v e l y  t o  t h e  t r a n s -
g l y c o l  w i t h  0 .3N p o t a s s i u m  h y d r o x i d e  i n  85% DMSO-water o v e r
a  p e r i o d  o f  s i x  h o u r s  a t  1 0 0 ° .
The m ost  s t r a i g h t f o r w a r d  m echan ism  f o r  e p o x id e  r i n < -
o p e n in g  i s  c l o s e l y  a n a l o g o u s  t o  n o rm a l  b i m o l e c u l a r  s u b s t i -  
4 5t u t i o n .
r —o  f  +  h 2 c  -  c r 2 ------- » r o - c h 2- c - r 2
so 0  -
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T h i s  r i n g  o p e n i n g ,  l i k e  d i r e c t  d i s p l a c e m e n t ,  i s
f a v o r e d  b y  n u c l e o p h i l i c  a t t a c k i n g  r e a g e n t s  a n d  t h e  l a c k  o f  
l a r g e  s u b s t i t u e n t s  on t h e  c a r b o n  b e i n g  a t t a c k e d .  I t  h a s  
b e e n  f o u n d  t h a t ,  i f  o n e  o f  t h e  c a r b o n s  i n  t h e  o x i r a n e  r i n g  
i s  l e s s  s u b s t i t u t e d  t h a n  t h e  o t h e r ,  a t t a c k  w i l l  o c c u r  p r e ­
f e r e n t i a l l y  a t  t h i s  l e s s  h i n d e r e d  c a r b o n .
b e  s t e r e o s p e c i f i c  w i t h  p o t a s s i u m  h y d r o x i d e ,  more  t h a n  one
p r o d u c t  i s  o b t a i n e d  u n d e r  a c i d i c  c o n d i t i o n s .  M e t h y l e n e -
46c y c l o h e x a n e  o x i d e  h a s  b e e n  shown t o  g i v e  a  m i x t u r e  o f  1 -  
h y d r o x y m e t h y l c y c l o h e x a n o l  a n d  t h e  p i n a c o l  r e a r r a n g e m e n t  
p r o d u c t  c y c l o h e p t a n o n e  w i t h  a c e t i c  a c i d .
I n  t h e  p r e s e n t  w o rk ,  when t r a n s - 4 - t - b u t y l m e t h y l e n e -
c y c l o h e x a n e  o x i d e  (£ )  was a l l o w e d  t o  r e a c t  w i t h  p o t a s s i u m  
h y d r o x i d e  i n  85% DMSO-water,  o n l y  o ne  d i o l  was o b t a i n e d ,  i n  
60% y i e l d .  T h e r e  was a l s o  some p o l y m e r i c  m a t e r i a l  f o r m e d .  
The d i o l  was a s s i g n e d  t h e  t r a n s - c o n f i g u r a t i o n .
A l t h o u g h  t h e  r i n g  o p e n i n g  o f  e p o x i d e s  a p p e a r s  t o
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To v e r i f y  t h a t  t h e  r e a c t i o n  was i n d e e d  an  S^2 p r o c e s s ,  
a  s a m p le  o f  t h e  e p o x i d e  was p l a c e d  i n  857, DMSO-water w i t h  no 
p o t a s s i u m  h y d r o x i d e  ad d ed  and  h e a t e d  f o r  s i x  h o u r s  a t  1 0 0 ° .
At t h e  end  o f  t h i s  t i m e ,  a  q u a n t i t a t i v e  y i e l d  o f  s t a r t i n g  
m a t e r i a l  was r e c o v e r e d ;  t h e r e  was no d i o l  f o r m a t i o n .
F u r t h e r ,  i t  would  b e  e x p e c t e d  t h a t  i f  t h i s  w e re  n o t  
an  S^ 2  r e a c t i o n ,  a m i x t u r e  o f  d i o l s ,  a nd  p o s s i b l y  t h e  p i n a c o l  
p r o d u c t ,  w ou ld  h a v e  b e e n  o b t a i n e d .  T h i s  was n o t  t h e  c a s e ;  
o n l y  one  d i o l  was f o u n d ,  and  no t r a c e s  o f  any k e t o n i c  com­
p o n e n t  w e re  o b s e r v e d  i n  t h e  i r  s p e c t r u m  o f  a sa m p le  o f  t h e  
c r u d e  p r o d u c t .
The nmr s p e c t r u m  o f  a u t h e n t i c  t r a n s -7  r e v e a l e d  t h a t  
t h e  r e s o n a n c e  o f  t h e  c a r b i n o l  c a r b o n  p r o t o n s  c o r r e s p o n d e d  t o  
t h e  h i g h - f i e l d  component  o f  t h e  m i x t u r e  o f  c i s -  a n d  t r a n s - 
d i o l s .  The c h e m i c a l  s h i f t  o f  t h e  p r o t o n s  (CHCl^) on t h e  
e q u a t o r i a l  c a r b i n o l  c a r b o n  i s  t h u s  1 0 . 2  Hz h i g h e r  f i e l d  t h a n  
t h e  c o r r e s p o n d i n g  a x i a l  p r o t o n .
C ases  h a v e  b e e n  r e p o r t e d  w he re  t h e  a x i a l  p r o t o n s  a r e  
fo u n d  t o  b e  a t  l o w e r  f i e l d  t h a n  t h e  c o r r e s p o n d i n g  e q u a t o r i a l  
p r o t o n s .  T h ese  h a v e  i n v o l v e d  h e t e r o c y c l i c  s y s t e m s ,  h o w ever .
F o r  t h e  2 - _ t - b u t y l - 5 - m e t h y l - l , 3 - o x a t h i a n e  s y s t e m  (11)  ,




( d o w n f i e l d  f rom  TMS) w h i l e  t h e  e q u a t o r i a l  m e t h y l  was a t  78 Hz.
The a x i a l  5-H r e s o n a n c e  was a t  190 Hz a n d  t h e  e q u a t o r i a l  5-H
48r e s o n a n c e  was a t  1 6 9 .5  Hz. L i k e w i s e ,  Abraham fo u n d  t h a t  i n
2 - p h e n y l - 5 - h y d r o x y - l , 3 - d i t h i a n e  (1 2 )  a n d  2 - p h e n y l - 5 - a c e t o x y -  
1 , 3 - d i t h i a n e  ( 1 3 ) , t h e  C - 4 ( 6 )  a x i a l  h y d r o g e n  r e s o n a t e s  a t  
l o w e r  f i e l d  t h a n  t h e  e q u a t o r i a l  p r o t o n .
I n  t h e  c y c l o h e x a n e  s y s t e m ,  a num ber  o f  c a s e s  o f  mono
a n d  d i b r o m o c y c l o h e x a n o n e s  h a v e  b e e n  r e p o r t e d  w h e r e  t h e  
a x i a l  a-CHBr p r o t o n  a p p e a r e d  a t  l o w e r  f i e l d  t h a n  t h e  c o r r e s ­
p o n d in g  e q u a t o r i a l  p r o t o n .  I t  was t h o u g h t  t h a t  t h e  r e l a t i v e  
d e s h i e l d i n g  o f  t h e  a - a x i a l  p r o t o n s  i n  c y c l o h e x a n o n e  was
c a u s e d  b y  t h e  c a r b o n y l  d i p o l e ,  a u g m e n te d  by  £T, -b o n d  o v e r -
50l a p .  K a r a b a t s o s  h a s  fo u n d  t h a t  t h e  f a v o r e d  m o d e l  f o r  
a n i s o t r o p i c  e f f e c t s  o f  t h e  c a r b o n y l  g r o u p  i s  I ,  n o t  I I ,  a s  
h a d  b e e n  p o s t u l a t e d  e a r l i e r .
I  I I
I n  m ode l  I ,  t h e  e q u a t o r i a l  a - h y d r o g e n  i s  i n  t h e  s h i e l d i n g  
c o n e  o f  t h e  c a r b o n y l  f u n c t i o n  a n d  w o u ld  b e  s h i f t e d  u p f i e l d ,  
w h i l e  t h e  a x i a l  a - p r o t o n  i s  on  t h e  e d g e  o f  t h e  s h i e l d i n g
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c o n e  a n d  i s  n o t  s o  s t r o n g l y  a f f e c t e d .
T h e r e  i s  no  s i m p l e  e x p l a n a t i o n  f o r  t h i s  e f f e c t  i n  
t h e  h y d r o x y m e t h y l c y c l o h e x a n o l  s y s t e m .  I t  w ou ld  b e  e x p e c t e d  
t h a t  t h i s  s y s t e m  w ou ld  b e  c a p a b l e  o f  i n t r a m o l e c u l a r  h y d r o g e n  
b o n d i n g .  I t  h a s  b e e n  o b s e r v e d ' ^  t h a t  t h e r e  i s  r e s t r i c t e d  
r o t a t i o n  o f  t h e  h y d r o x y l  g r o u p  i n  t h e  p r e s e n c e  o f  b u l k y  gem i-  
n a l  g r o u p s .  T h u s ,  i n  t h e  d i o l  s e r i e s  1 4 ,  when R = £ - b u t y l ,  
t h e  m o l e c u l e s  p r e f e r e n t i a l l y  e x i s t  i n  c o n f o r m a t i o n  14b i n  
w h ic h  t h e  0-H b o nd  o f  t h e  t e r t i a r y  h y d r o x y l  i s  b o n d e d  t o  t h e  
o xygen  o f  t h e  p r i m a r y  h y d r o x y l  g r o u p .  P o l a r i t y  c o n s i d e r a t i o n s  
w ou ld  p r e d i c t  t h e  o p p o s i t e ;  i t  w o u ld  b e  e x p e c t e d  t h a t  t h e  0-H 
bond  o f  t h e  p r i m a r y  h y d r o x y l  w ould  b e  b o n d e d  t o  t h e  o x y g e n  o f  
t h e  t e r t i a r y  h y d r o x y l  a s  i n  1 4 a .
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C -  CH,
14 14a 14b
I t  would  b e  e x p e c t e d  t h a t  t h i s  same p r e f e r e n c e  w ou ld  
e x i s t  i n  t h e  h y d r o x y m e t h y l c y c l o h e x a n o l  s e r i e s ,  s i n c e  c o n ­
f o r m a t i o n  14a w o u ld  c a u s e  i n t e r a c t i o n s  b e tw e e n  t h e  n o n h y d r o g e n -  
b o nd ed  h y d r o x y l  h y d r o g e n  a n d  t h e  s y n - a x i a l  p r o t o n s  on t h e  r i n g .  
T h u s ,  i t  m ig h t  b e  p r e d i c t e d  t h a t  t r a n s -7  would  e x i s t  p r i m a r i l y  
i n  c o n f o r m e r  7b.
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S i m i l a r l y ,  i t  w o u ld  b e  e x p e c t e d  t h a t  c o n f o r m e r  7c^ 
w o u ld  b e  p r e f e r r e d  i n  c i s - 7 .
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H ow ever ,  w o rk  by  S t o l o w  h a s  i n d i c a t e d  t h a t  t h e  c o n ­
t r i b u t i o n  o f  7ja m i g h t  b e  a p p r e c i a b l e .  I f  t h i s  i s  s o ,  i t  
c o u l d  b e  t h a t  t h e  p r o t o n s  on t h e  c a r b i n o l  c a r b o n  a r e  s h i e l d e d  
b y  t h e  l o n e - e l e c t r o n  p a i r  o f  t h e  p r i m a r y  h y d r o x y l  o x y g e n ,
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w h ic h  w o u ld  b e  t r a n s  an d  c o p l a n a r  t o  them  b e c a u s e  o f  h y d r o g e n
b o n d i n g .  T h i s  s h i e l d i n g  c o u l d  s h i f t  t h e  e q u a t o r i a l  c a r b i n o l
c a r b o n  p r o t o n s  t o  h i g h e r  f i e l d  t h a n  t h e  a x i a l ,  a l t h o u g h  t h i s
e f f e c t  i s  d e c i d e d l y  u n e x p e c t e d .
53S c h l e y e r  h a s  f o u n d  t h a t  t h e  p e r c e n t a g e  o f  t h e  
r o t a m e r  w i t h  t h e  h y d r o x y l  h y d r o g e n  p o i n t i n g  i n t o  t h e  r i n g  i s  
a p p r e c i a b l e .  He n o t e d  t h a t  t h e  e n t h a l p y  d i f f e r e n c e  o f  c a .  2 
k c a l / m o l e  b e tw e e n  a x i a l  a n d  e q u a t o r i a l  c o n f o r m e r s  o f  m e t h y l -  
c y c l o h e x a n e  i s  a t t r i b u t e d  t o  g a u c h e  i n t e r a c t i o n s  b e tw e e n  t h e  
a x i a l  m e t h y l  g r o u p  and  t h e  s y n - a x i a l  p r o t o n s  on  C-3 and  C -5 .
H
HH
I n  r o t a m e r  1 4 a 1 t h e  h y d r o x y l  h y d r o g e n  c a n  a l s o  p r e ­
sum ab ly  i n t e r a c t  w i t h  t h e  s y n - a x i a l  h y d r o g e n s .  However ,  t h i s  
r o t a m e r  i s  o n l y  0 . 1 - 0 .4  k c a l / m o l e  l e s s  s t a b l e  t h a n  r o t a m e r  
1 4 b 1 , i n  w h ic h  s u c h  i n t e r a c t i o n s  a r e  a b s e n t .
H
S c h l e y e r  e x p l a i n e d  t h i s  s m a l l  e n e r g y  d i f f e r e n c e  by  
p r o p o s i n g  t h a t  r o t a m e r  1 4 b 1 i s  d e s t a b i l i z e d  by  i n t e r a c t i o n s  
b e tw e e n  t h e  l o n e - p a i r  e l e c t r o n s  on  o x y g en  a n d  t h e  s y n - a x i a l  
h y d r o g e n s ,  w h ic h  i s  a l m o s t  a s  g r e a t  a s  t h e  h y d r o x y l  h y d r o g e n -
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s y n - a x i a l  h y d r o g e n  i n t e r a c t i o n  i n  r o t a m e r  1 4 a 1. S c h l e y e r
c o n c l u d e d  t h a t  t h e  o x y g e n  l o n e  p a i r  was t h u s  o n l y  s l i g h t l y
" s m a l l e r "  t h a n  a h y d r o g e n  a to m .
T h a t  s o m e t h i n g  i s  a n o m a lo u s  i n  t h i s  s y s t e m ,  e s p e c i a l l y
i n  t h e  t r a n s  f o r m ,  i s  i n d i c a t e d  by  t h e  i n f r a r e d  s p e c t r u m .
-3T aken  i n  d i l u t e  s o l u t i o n  (1x10  M) i n  c a r b o n  t e t r a c h l o r i d e  on
a  Beckman I R - 1 2 ,  t h e  s p e c t r u m  o f  t h e  t r a n s - i s o m e r  ( s e e  F i g .  1 ,
A p p e n d ix )  h a s  a b s o r p t i o n s  a t  3 6 6 0 ,  3690  a n d  3720 cm"'*' ( t h e
- 1w a t e r  a b s o r p t i o n  i s  a t  3790 cm ) .  The l a s t  a b s o r p t i o n ,  a t  
3720 cm \  i s  u n u s u a l l y  h i g h .  U n f o r t u n a t e l y ,  no p u r e  c i s -7  
was a v a i l a b l e ,  a l t h o u g h  a s p e c t r u m  was t a k e n  o f  t h e  m i x t u r e  
o f  c i s -  a n d  t r a n s - 7 . IR  s p e c t r a  o f  c i s - a nd  t r a n s - 4 - t - b u t y l -  
1 - m e t h y l c y c l o h e x a n o l  showed a b s o r p t i o n s  a t  3621 and  3613 cm ^ 
f o r  t h e  t r a n s - i s o m e r  a n d  a t  3611  cm f o r  t h e  c i s - i s o m e r .
D e t e r m i n a t i o n  o f  t h e  c o n f o r m a t i o n a l  e q u i l i b r i u m  f o r
1 - h y d r o x y m e t h y l c y c l o h e x a n o l  (3 )  was m ade ,  u t i l i z i n g  c i s -  a n d  
t r a n s - 4 - t - b u t y 1 - 1 - h y d r o x y m e t h y l c y c l o h e x a n o l  (7 )  a s  m odel  com­
p o u n d s .  An a t t e m p t  a t  a l o w - t e m p e r a t u r e  nmr a n a l y s i s  was 
u n s u c c e s s f u l  b e c a u s e  o f  f r e e z i n g  o u t  o f  t h e  d i o l  f ro m  t h e
s o l v e n t  ( m e t h a n o l - d , ) .
10E l i e l  h a s  d e t e r m i n e d  t h a t  t h e  c o n f o r m a t i o n a l  e n e r g y  
o f  a  h y d r o x y l  f u n c t i o n  i s  s o l v e n t  d e p e n d e n t ,  b e i n g  a b o u t  0 . 6  
k c a l / m o l e  i n  h y d r o g e n - b o n d  a c c e p t i n g  s o l v e n t s  o r  n o n b o n d in g  
s o l v e n t s  a n d  a b o u t  0 . 9  k c a l / m o l e  i n  h y d r o g e n - b o n d - d o n a t i n g  s o l ­
v e n t s .  I t  i s  s u g g e s t e d  t h a t  a n  e q u a t o r i a l  h y d r o x y l  s h o u l d  b e  
more  e x p o s e d  t o  h y d r o g e n  b o n d i n g  by  s o l v e n t  t h a n  a n  a x i a l  one  
a n d  s h o u l d  t h u s  b e  m ore  s t a b l e  i n  a h y d r o g e n - b o n d i n g  s o l v e n t .
The r e s u l t s  w h i c h  w e re  o b t a i n e d  i n  t h i s  w ork  w e re  a s
f o l l o w s .
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S o l v e n t  -AG° ( k c a l / m o l e ) a
M e t h a n o l - d .  0 . 6 3 + 0 . 0 5 ^4 —
DMSO 0 . 5 4 + 0 . 0 4 C
CHC13 0 . 4 6 + 0 . 0 2 b
a )  T a k e n  a t  35°C .
b )  C a l c u l a t i o n s  t a k e n  f ro m  t h e  c h e m i c a l  s h i f t  o f  t h e  
c a r b i n o l  c a r b o n  p r o t o n s  f ro m  TMS.
c )  C a l c u l a t i o n s  f ro m  t h e  c h e m i c a l  s h i f t  o f  t h e  
t e r t i a r y  h y d r o x y l  p r o t o n s  f rom  t h e  l o w - f i e l d  C 
s a t e l l i t e  o f  DMSO.
The p r e f e r r e d  c o n f o r m e r  i s  t h a t  i n  w h ic h  t h e  h y d r o x y l  
g r o u p  i s  a x i a l .  T h i s  i s  a n a l o g o u s  t o  t h e  1 - m e t h y l c y c l o h e x -  
a n o l  s y s t e m .
I t  i s  t h o u g h t  t h a t  e v e n  i n  DMSO, i n t r a m o l e c u l a r  h y d r o ­
g e n - b o n d i n g  c o m p e te s  t o  some e x t e n t  w i t h  b o n d i n g  t o  t h e  s o l ­
v e n t .  T h i s  w o u ld  n o t  b e  e x p e c t e d  t o  b e  a s  i m p o r t a n t  a s  i n  t h e  
3 - ( 1  ’ - h y d r o x y c y c l o h e x y l ) - p r o p y l  t ^ - p e n t y l  e t h e r  (_1) s y s t e m ,  
s i n c e  t h e  h y d r o g e n  bond  fo rm ed  i n  3^  i s  n o t  l i n e a r .
The p r e s e n c e  o f  t h e  h y d r o x y m e t h y l  g r o u p  on t h e  same 
c a r b o n  a s  t h e  h y d r o x y l  f u n c t i o n  c o m p l i c a t e s  t h e  c o n f o r m a t i o n a l  
e q u i l i b r i u m  o f  _3 r e l a t i v e  t o  1 - m e t h y l c y c l o h e x a n o l  ( 1 5 ) . T h e r e  
i s  a g r e a t e r  p r e f e r e n c e  f o r  t h e  c o n f o r m e r  w i t h  a x i a l  h y d r o x y l  
i n  3^  t h a n  i n  1 5 ,  w h e re  AG° = - 0 . 3 5  k c a l /m o le .* *  T h i s  e f f e c t
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m u s t  b e  d ue  t o  i n t r a m o l e c u l a r  h y d r o g e n  b o n d i n g  i n  3^ T h e r e  
i s  r e l a t i v e l y  l i t t l e  d i f f e r e n c e  i n  t h e  c o n f o r m a t i o n a l  p r e ­
f e r e n c e s  o f  m e t h y l  (AG° = - 1 . 8  k c a l / m o l e )  a n d  h y d r o x y m e t h y l
54( - 1 . 6 5  k c a l / m o l e  i n  c y c l o h e x a n e  a t  8 0 ° ) .
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l >3 - D i o x a - 2 , 2 - d i m e t h y l s p i r o [ 4 . 5 ] d e c a n e  ( 4 ) .
The k e t a l  4  was p r e p a r e d  by  r e a c t i o n  o f  t h e  a p p r o p r i ­
a t e  d i o l  w i t h  a c e t o n e  i n  t h e  p r e s e n c e  o f  a c a t a l y t i c  amount 
o f  j > - t o l u e n e s u l f o n i c  a c i d .  A nhydrous  c o p p e r  s u l f a t e  was a d d e d  
t o  t h e  m e t h y l e n e  c h l o r i d e  s o l u t i o n  o f  t h e  r e a c t a n t s  t o  remove 
w a t e r  a s  fo rm e d .
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The r e a c t i o n  was f i r s t  r u n  on a m i x t u r e  o f  c i s -  and  
t r a n s - 4 - t - b u t y l - l - h y d r o x y m e t h y l c y c l o h e x a n o l  (7^ a n d  g av e  a  
m i x t u r e  o f  c i s -  and  t r a n s - 1 , 3 - d i o x a - 2 , 2 - d i m e t h y l - 8 - t - b u t y l -  
s p i r o [ 4 . 5 ] d e c a n e s , l o w - m e l t i n g  s o l i d s  w h ic h  w e re  r e a d i l y  
s e p a r a b l e  by  v p c .  To i d e n t i f y  t h e  c i s -  a nd  t r a n s - i s o m e r s , 
t h e  r e a c t i o n  was t h e n  r u n  on  a sa m p le  o f  p u r e  t r a n s - 7 .
a c e t o n e ,  CuSO 
H+ CH0 Clo
t r a n s -1 0  EUC CH
OH
O n l y  o n e  p r o d u c t  was o b t a i n e d  f r o m  t h i s  r e a c t i o n ,  i n  
q u a n t i t a t i v e  y i e l d ,  a n d  i t  was  i d e n t i f i e d  a s  t r a n s - 1 0 .
Nmr a n a l y s i s  o f  c i s -  a nd  t r a n s - 10 showed t h a t  t h e  
e q u a t o r i a l  e x o c y c l i c  m e t h y l e n e  p r o t o n s  on  C-4 ( c o r r e s p o n d ­
i n g  t o  t h e  c a r b i n o l  c a r b o n  p r o t o n s )  w e r e  a g a i n  a t  h i g h e r  
f i e l d .  As w i t h  7^ , t h e r e  i s  no  s i m p l e  e x p l a n a t i o n  f o r  t h i s  
e f f e c t .  I n  t h e  k e t a l ,  t h e s e  p r o t o n s  c o u l d  n o t  b e  s h i e l d e d  
by  t h e  u n p a i r e d  o x y g e n  e l e c t r o n s  u n l e s s  t h e  d i o x o l a n e  r i n g  
w e re  v e r y  p u c k e r e d ,  a n d  t h i s  d e g r e e  o f  b e n d i n g  i s  u n l i k e l y .  
S i n c e  i n  t h e  d i o x o l a n e  t h e  p r o t o n s  a r e  more  n e a r l y  e c l i p s e d  
w i t h  t h e  l o n e  p a i r s  t h a n  i n  t h e  d i o l ,  t h e y  a r e  f o u n d  a t  l o w e r  
f i e l d  i n  t h e  nmr s p e c t r u m .
A l t h o u g h  t h e r e  i s  no d a t a  a v a i l a b l e  on a  s p i r o - d i o x o -
l a n e  s u c h  a s  1 0 , s t u d i e s  h a v e  b e e n  made o n  1 , 3 - d i o x o l a n e  
5 5i t s e l f .  A c a r b o n - c a r b o n  b o n d  l e n g t h  o f  1 . 5 4 + 0 . 0 5  X was 
o b s e r v e d ,  a l o n g  w i t h  a  c a r b o n - o x y g e n  b o n d  l e n g t h  o f  1 . 4 2  + 
0 . 0 3  X. B o th  CCO a n d  COC a n g l e s  w e re  p r o p o s e d  a t  £ a .  1 0 8 ° .
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I t  i s  t h o u g h t  t h a t  t h e  p r e f e r r e d  m ode l  h a s  a p u c k e r e d ,  n o n -  
p l a n a r  r i n g .
The u n s u b s t i t u t e d  k e t a l  4 was a l s o  p r e p a r e d  b y  t h e  
same p r o c e d u r e .  A l o w - b o i l i n g  l i q u i d ,  i t  was somewhat more  
d i f f i c u l t  t o  i s o l a t e  b y  vpc  t h a n  t h e  4 - J : - b u t y l  i s o m e r s ,  s i n c e  
i t  fo rm e d  an  a e r o s o l  w i t h  h e l i u m .
S t u d i e s  w e re  made o f  t h e  c o n f o r m a t i o n a l  e q u i l i b r i u m  
o f  b y  b o t h  l o w - t e m p e r a t u r e  nmr s p e c t r o s c o p y  a n d  t h e  u s e  o f  
t h e  4- t^ -bu  '1 i s o m e r s  ( 1 0 )  a s  m ode l  com pounds .  The r e s o n a n c e s  
o f  t h e  p r o t o n s  o n  C-4 w e r e  s t u d i e d .  T h e s e  w ere  fo u n d  t o  b e  
e x t r e m e l y  s o l v e n t - d e p e n d e n t ,  and  s t u d i e s  u t i l i z i n g  m ode l  com­
pou nd s  w ere  made w i t h  b o t h  c i s -  a n d  t r a n s - 1 0  a n d  u n s u b s t i t u t e d  
4  i n  t h e  same s a m p le  t u b e ,  so  t h a t  a l l  w ou ld  be  s u b j e c t  t o  t h e  
same e n v i r o n m e n t .  The m a j o r  i s o m e r  was f o u n d  t o  b e  t h a t  w i t h  
C-4 a x i a l .
The f o l l o w i n g  r e s u l t s  w e r e  o b t a i n e d  f ro m  nmr s p e c t r a  
u s i n g  m ode l  compounds e x c e p t  a s  n o t e d .
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S o l v e n t  D e p end en ce  o f  













S o l v e n t
c h c i 3






1 . 7 6 + 0 . 0 6
1 . 5 7 + 0 . 0 6
1 .2 0 5 + 0 . 0 3
1 . 22+0 .01
1 . 0 8 + 0 . 0 2
1 . 4 1 + 0 . 0 1
-AG ( k c a l / m o l e )  
0 . 3 4  
0 . 2 8  
0.11 
0 .12  
0 . 0 5  
0 . 1 3
a )  S o l u t i o n  was a b o u t  5 0 :5 0  m e t h a n o l - d , - c h l o r o f o r m .  The 
c o n f o r m a t i o n a l  e q u i l i b r i u m  c h a n g e d  w i t h  c o m p o s i t i o n  o f  
t h e  s o l v e n t .
b )  O b t a i n e d  by  p e a k  a r e a  m e a s u r e m e n t s  f ro m  t h e  l o w - t e m p e r a -  
t u r e  nmr s p e c t r u m  o f  4 .  S o l v e n t  c o m p o s i t i o n  was a b o u t
9 p a r t s  c h l o r o f o r m  t o  one  p a r t  m e t h a n o l - d ^ .
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I t  i s  e x p e c t e d  t h a t  t h e  e q u i l i b r i u m  i n  c a r b o n  t e t r a ­
c h l o r i d e  w o u ld  r e f l e c t  t h e  f o r c e s  i n h e r e n t  i n  t h e  m o l e c u l e  
i t s e l f ,  s u c h  a s  v a n  d e r  W aals  i n t e r a c t i o n s ,  e t c .  As t h e  
s o l v e n t s  become c a p a b l e  o f  h y d r o g e n  b o n d i n g ,  t h e r e  a r e  o t h e r  
f a c t o r s  t o  b e  c o n s i d e r e d .  The i s o m e r  w i t h  t h e  e x o - m e t h y l e n e  
a x i a l  ( a n d  o xygen  e q u a t o r i a l )  w o u ld  b e  f a v o r e d  i n  a h y d r o g e n -
b o n d i n g  s o l v e n t  b e c a u s e  o f  t h e  a c c e s s i b i l i t y  o f  t h e  e q u a t o r i a l  
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o x y g e n .  H o w e v e r ,  i t  w o u l d  b e  e x p e c t e d  t o  b e  m o re  f a v o r e d  
i n  m e t h a n o l  t h a n  i n  c h l o r o f o r m .  T h i s  i s  n o t  t h e  c a s e .
S t u d i e s  h a v e  n o t  b e e n  i n i t i a t e d  t o  d e t e r m i n e  h e a t s  o f  
s o l v a t i o n  o f  t h e s e  s u b s t r a t e s  i n  c h l o r o f o r m  o r  m e t h a n o l ,  b u t  
i t  may be  t h a t  t h i s  i s  a c o n t r i b u t i n g  f a c t o r .
I n  DMSO, i t  w o u ld  b e  e x p e c t e d  t h a t  t h e  c o n f o r m a t i o n a l  
e q u i l i b r i u m  w ou ld  b e  c l o s e s t  t o  t h a t  i n  c a r b o n  t e t r a c h l o r i d e .  
How ever ,  i t  m o s t  c l o s e l y  r e s e m b l e s  t h a t  i n  m e t h a n o l .
A p o s s i b l e  e x p l a n a t i o n  i s  t h a t  i n  DMSO, l i k e  w a t e r ,  t h e  
n a t u r e  o f  t h e  s o l u t e  c a n  c a u s e  s u b s t r u c t u r a l  c h a n g e s  i n  t h e  
s o l v e n t . ^  T h e s e  c h a n g e s  c o u l d  i n f l u e n c e  t h e  c o n f o r m a t i o n a l  
e q u i l i b r i u m  o f  t h e  s o l u t e .
L o w - t e m p e r a t u r e  nmr s p e c t r o s c o p y  i n  m e t h a n o l - d ^ - c h l o r o -  
fo rm  ( 9 0 : 1 0 )  g a v e  a n  a v e r a g e  K o f  1 . 4 1 + 0 . 0 1  w i t h  a AG° o f  
- 0 . 1 3  k c a l / m o l e  a t  - 7 9 ° .  T h i s  i s  i n  g o od  a g r e e m e n t  w i t h  t h a t  
o b t a i n e d  u s i n g  m o d e l  com pounds ,  i n  v iew  o f  t h e  d i f f e r e n t  com­
p o s i t i o n  o f  t h e  s o l v e n t s .  From m e a su re m e n t  o f  p e a k  a r e a s ,  i t  
was d e t e r m i n e d  t h a t  t h e  m a j o r  i s o m e r  was t h a t  shown w i t h  C-4 
i n  t h e  a x i a l  p o s i t i o n .
T h i s  i s  h i g h l y  u n e x p e c t e d .  I t  w o u ld  b e  t h o u g h t  t h a t  
s y n - a x i a l  i n t e r a c t i o n s  w o u ld  make t h i s  i s o m e r  l e s s  f a v o r e d  
t h a n  t h e  i s o m e r  w i t h  t h e  e q u a t o r i a l  m e t h y l e n e  g r o u p .
From a n  e x a m i n a t i o n  o f  m o d e l s ,  i t  was f o u n d  t h a t  i n  t h e  
p l a n a r  m o d e l ,  t h e  a x i a l  m e t h y l e n e  p r o t o n - s y n - a x i a l  p r o t o n  
d i s t a n c e  i s  o f  t h e  o r d e r  o f  2 S .  A l l i n g e r  h a s  p o s t u l a t e d ^  t h a t
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t h e  v a n  d e r  W aa ls  r a d i i  f o r  p r o t o n s  s h o u l d  b e  1 . 4  t o  1 . 6  
r a t h e r  t h a n  t h e  s m a l l e r  v a l u e  o f  1 . 3  & w h ic h  h a s  g e n e r a l l y  
b e e n  a c c e p t e d .  P u c k e r i n g  o f  t h e  d i o x o l a n e  r i n g  so  a s  t o  
s t a g g e r  t h e  e x o - m e t h y l e n e  p r o t o n  b e tw e e n  t h e  s y n - a x i a l  
h y d r o g e n s  c o u l d  i n c r e a s e  t h e  h y d r o g e n - h y d r o g e n  d i s t a n c e  i n  
4 t o  a more  a c c e p t a b l e  2 . 4  &, b u t  a t  t h e  e x p e n s e  o f  i n c r e a s ­
i n g  t o r s i o n a l  s t r a i n  i n  t h e  d i o x o l a n e  r i n g .
A n o t h e r  p o s s i b i l i t y  i s  t h a t  t h e  m e t h y l  g r o u p s  on C-2 
m i g h t  b e n d  i n t o  t h e  r i n g  p r o t o n s .  Hov?ever, s i n c e  t h e  d e g r e e  
o f  p u c k e r i n g  o f  t h e  d i o x o l a n e  r i n g  i s  n o t  known, no d e f i n i t e  
c o n c l u s i o n  c a n  b e  r e a c h e d .  The d e g r e e  o f  p u c k e r i n g  w o u ld  h a v e  
t o  b e  q u i t e  s e v e r e  f o r  t h i s  i n t e r a c t i o n  t o  o c c u r .
I f  t h i s  e f f e c t  i s  c a u s e d  by  t h e  m e t h y l  g r o u p s ,  s y n t h e s i s  
o f  t h e  k e t a l  f ro m  f o r m a l d e h y d e  i n s t e a d  o f  a c e t o n e  s h o u l d  
e l i m i n a t e  t h i s  i n t e r a c t i o n .  S u ch  i n v e s t i g a t i o n s  a r e  b e i n g  
c a r r i e d  o u t  i n  t h e s e  l a b o r a t o r i e s .
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EXPERIMENTAL
G e n e r a l
M e l t i n g  P o i n t s . M e l t i n g  p o i n t s  w e re  d e t e r m i n e d  u s i n g  
a H i r s c h b e r g  c a p i l l a r y  m e l t i n g  p o i n t  a p p a r a t u s  a n d  a r e  u n c o r ­
r e c t e d .
I n f r a r e d  A b s o r p t i o n  S p e c t r a . I n f r a r e d  ( i r )  s p e c t r a  
w e re  d e t e r m i n e d  u s i n g  a P e r k i n - E l m e r  Model  337 g r a t i n g  s p e c t r o ­
p h o t o m e t e r .  The a b s o r p t i o n  b a n d s  l i s t e d  w e re  s t r o n g .  S o l u ­
t i o n s  o f  t h e  h y d r o x y - c o n t a i n i n g  compounds f o r  h i g h - d i l u t i o n
s t u d i e s  w e re  p r e p a r e d  i n  c a r b o n  t e t r a c h l o r i d e  a t  a p p r o x i m a t e l y  
_3
1 x  10 m o l a r  c o n c e n t r a t i o n s .  The compounds w e r e  w e ig h e d  on 
a Cahn R a t i o  E l e c t r o b a l a n c e  (Model G) i n  s m a l l  a lum inum  b o a t s  
w h ic h  w e re  p l a c e d  d i r e c t l y  i n t o  t h e  v o l u m e t r i c  f l a s k  b e f o r e  
d i l u t i o n .  The s p e c t r a  b e tw e e n  3900  a n d  3300 cm ^ w e re  d e t e r ­
m in e d  u s i n g  a Beckman IR - 1 2  i n f r a r e d ,  d o u b l e  beam, g r a t i n g  
s p e c t r o p h o t o m e t e r ,  w i t h  a s e l e c t e d  s l i t  w i d t h  o f  1 . 3  mm a t  
3300 cm The s o l u t i o n  was c o n t a i n e d  i n  a 1 0 . 0  cm Beckman 
q u a r t z  c e l l  a n d  was b a l a n c e d  i n  t h e  r e f e r e n c e  beam w i t h  a 
m a t c h e d  c e l l  c o n t a i n i n g  s o l v e n t .
N u c l e a r  M a g n e t i c  R e s o n a n c e  S p e c t r a . N u c l e a r  m a g n e t i c  
r e s o n a n c e  (nm r)  s p e c t r a  w e r e  d e t e r m i n e d  u s i n g  a V a r i a n  M ode l  
A-60 s p e c t r o m e t e r .  The s p e c t r a  w e r e  d e t e r m i n e d  i n  t h e  s o l ­
v e n t s  i n d i c a t e d .
A l l  s p e c t r a  t a k e n  i n  d i m e t h y l  s u l f o x i d e  a n d  a l l  s p e c ­
t r a  o f  t h e  l , 3 - d i o x a - 2 , 2 - d i m e t h y l s p i r o [ 4 . 5 ] d e c a n e s  w e re  t a k e n  
w i t h  t e t r a m e t h y l s i l a n e  (5% s o l u t i o n  i n  c a r b o n  t e t r a c h l o r i d e )  
i n  a s e a l e d  c a p i l l a r y  t u b e  i n s e r t e d  i n  t h e  s a m p le  t u b e .  R e s o ­
n a n c e s  i n  DMSO s o l u t i o n s  w e re  m e a s u r e d  f ro m  t h e  l o w - f i e l d  
13C s a t e l i t e  o f  DMSO, 227 Hz d o w n f i e l d  f rom  TMS a s  e x t e r n a l
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s t a n d a r d  c a p i l l a r y .  ( T h i s  t y p e  o f  m e a s u r e m e n t  was a l s o  u s e d  
58by O u e l l e t t e  , who a p p a r e n t l y  u s e d  TMS a s  a n  i n t e r n a l  r e f e r -
13e n c e  i n  DMSO, and  r e p o r t e d  t h e  C s a t e l l i t e  t o  be  221 Hz 
d o w n f i e l d  f ro m  TMS). When DMSO was t h e  s o l v e n t ,  t h e  s a m p le s  
w e r e  p r e p a r e d  i n  a g l o v e  b a g ,  u n d e r  a  n i t r o g e n  a t m o s p h e r e .
M e a s u re m e n ts  o f  E q u i l i b r i u m  C o n s t a n t s  by  N u c l e a r  
M a g n e t i c  R e s o n a n c e  S p e c t r o s c o p y . F o r  t h e  1 , 3 - d i o x a - 2 , 2 -  
d i m e t h y l s p i r o  [4 .5 ]  d e c a n e s  , m e a s u r e m e n ts  w ere  t a k e n  a t  3 5 ° .
The c i s -  a n d  t r a n s - t - b u t y l  i s o m e r s  a n d  t h e  u n s u b s t i t u t e d  
k e t a l  w e re  m ix e d  t o g e t h e r  i n  a s i n g l e  s a m p le  t u b e ,  so  a s  to  
e n s u r e  a common e n v i r o n m e n t .  S p e c t r a  w ere  r e c o r d e d  a t  50 Hz 
a nd  100 Hz sweep w i d t h ,  and  m e a s u r e m e n ts  o f  c h e m i c a l  s h i f t  
p o s i t i o n s  w e re  made f ro m  b o t h  t h e s e  s c a l e s .
F o r  t h e  low t e m p e r a t u r e  nmr o f  l , 3 - d i o x a - 2 , 2 - d i m e t h y l -  
s p i r o [ 4 . 5 ] d e c a n e  ( 4 ) ,  t e m p e r a t u r e  was d e t e r m i n e d  by c a l i b r a ­
t i o n  w i t h  m e t h a n o l .  P eak  a r e a s  w e re  m e a s u r e d  f o r  s e v e r a l  
s c a n s  a t  b o t h  100 Hz and  50 Hz sweep w i d t h  u s i n g  a K & E 
p l a n i m e t e r  f o r  w h ic h  1 0 0  u n i t s  e q u a l s  one  s q u a r e  i n c h .
Gas C h r o m a t o g r a p h i c  A n a l y s i s  D a t a . Gas c h r o m a t o ­
g r a p h i c  a n a l y s e s  w ere  d e t e r m i n e d  u s i n g  a n  A e r o g r a p h  A90-P3 
c h r o m a t o g r a p h  w i t h  h e l i u m  a s  t h e  c a r r i e r  g a s .
A n a l y t i c a l  D a t a . E l e m e n t a l  m i c r o a n a l y s e s  w e r e  d e t e r ­
m in e d  by  G a l b r a i t h  L a b o r a t o r i e s ,  I n c . ,  K n o x v i l l e ,  T e n n e s s e e ,  
o r  w i t h  an  F & M Model 180 c a r b o n ,  h y d r o g e n  a n d  n i t r o g e n  
a n a l y z e r  i n  t h e s e  l a b o r a t o r i e s .
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P r e p a r a t i o n  o f  3 - B r o m o - l - ( 1 , 1 - d i m e t h y l p r o p o x y ) - p r o p a n e .
T h i s  m a t e r i a l  was p r e p a r e d  a c c o r d i n g  t o  t h e  p r o c e d u r e  
30o f  Renfrow e £  al^. 3 - B r o m o p r o p a n o l  ( 0 . 3 6  m o l ,  50 g )  a n d
2 - m e t h y l - 2 - b u t e n e  ( 1 . 2  m o l ,  125 ml)  w e re  s t i r r e d  and r e f l u x e d  
i n  a w a t e r  b a t h  a t  4 0 - 4 5 ° .  D e p en d in g  on t h e  w a t e r  c o n t e n t  o f  
t h e  3 - b r o m o p r o p a n o l , t h i s  s o l u t i o n  c o u l d  b e  m i s c i b l e  o r  im m is ­
c i b l e .  C o n c e n t r a t e d  s u l f u r i c  a c i d  ( 0 . 5  ml)  was d r o p p e d  i n t o  
t h e  s o l u t i o n ,  u n t i l  a l o w e r  l a y e r  was a p p a r e n t .  The m i x t u r e  
was t h e n  s t i r r e d  and  h e a t e d  f o r  s i x  h o u r s .  A d d i t i o n a l  c o n ­
c e n t r a t e d  s u l f u r i c  a c i d  ( c a . 0 . 5  m l)  was a d d e d  o v e r  t h i s  t i m e .
Any d a r k  o r a n g e  l o w e r  l a y e r  was d i s c a r d e d .  The s o l u ­
t i o n  was w ashed  w i t h  w a t e r ,  25% so d iu m  h y d r o x i d e  s o l u t i o n ,  
s a t u r a t e d  so d iu m  b i c a r b o n a t e  s o l u t i o n ,  and  d r i e d  (I^CO^) .
F r a c t i o n a l  d i s t i l l a t i o n  p r o d u c e d  a v e r y  s m a l l  amount  
( 0 . 8  g)  o f  l o w - b o i l i n g  m a t e r i a l ;  an  i n t e r m e d i a t e  f r a c t i o n  
( 8 . 0  g )  b o i l i n g  f ro m  8 0 - 9 0 °  (50 mm); a n d  a m a i n  f r a c t i o n  
( 4 1 . 5  g )  b o i l i n g  a t  9 0 - 9 7 °  (45 mm).
The m a in  f r a c t i o n  was t r e a t e d  w i t h  s o d iu m  h y d r i d e  
s u s p e n s i o n  and  r e d i s t i l l e d .  T h e r e  was o b t a i n e d  a s m a l l  f o r e ­
r u n  b o i l i n g  up t o  90° (50 mm) and  3 2 . 5  g (43%) o f  3 - b r o m o - l -  
( 1 , 1 - d i m e t h y l p r o p o x y ) - p r o p a n e : bp 9 7 - 1 0 1 °  (50  mm), [ l i t . ^ 0  bp
74° (10mm)];  i r  ( n e a t )  2870  (C - H ) , 2930  ( C - H ) , 2970 ( C - H ) ,
1090 cm" 1  ( C - 0 ) .
P r e p a r a t i o n  o f  1 - ( 1 , 1 - D i m e t h y l p r o p o x y ) - 3 - p r o p y l m a g n e s i u m  
B r o m id e .
The G r i g n a r d  r e a g e n t  was p r e p a r e d  by d r o p p i n g  a 1 . 5  M 
s o l u t i o n  o f  1 - ( 1 , 1 - d i m e t h y l p r o p o x y ) - p r o p a n e  i n  e t h e r  o v e r  a 
p e r i o d  o f  a n  h o u r  o n t o  a n  e q u i v a l e n t  amount o f  m agnes ium  
t u r n i n g s  i n  a f l a s k  e q u i p p e d  w i t h  a n  o v e r h e a d  s t i r r e r  a n d  
r e f l u x  c o n d e n s e r .  The f l a s k  was m a i n t a i n e d  a t  room t e m p e r a ­
t u r e  u n d e r  a n i t r o g e n  a t m o s p h e r e .
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A d d i t i o n  o f  1 - ( 1 , 1 - D i m e t h y l p r o p o x y ) - 3 - p r o p y l m a g n e s i u m  Brom ide  
t o  C y c l o h e x a n o n e s . G e n e r a l  P r o c e d u r e .
The G r i g n a r d  r e a g e n t  was c o o l e d  i n  a n  i c e  b a t h  and 
s t i r r e d  w h i l e  t h e  c a r b o n y l  compound was a d d e d  ( 0 . 8  mol c a r ­
b o n y l  compound i n  200 ml  e t h e r  t o  t h e  G r i g n a r d  r e a g e n t  f rom  
one  m o le  o f  b r o m i d e ) .
The r e a c t i o n  m i x t u r e  was r e f l u x e d  f o r  30 m i n u t e s ,  
c o o l e d  i n  i c e  and  h y d r o l y z e d  w i t h  a s o l u t i o n  o f  1 0 0  ml c o n ­
c e n t r a t e d  h y d r o c h l o r i c  a c i d  i n  350 ml w a t e r .  The e t h e r  l a y e r  
was w a sh e d  w i t h  w a t e r  a n d  so d iu m  b i c a r b o n a t e  s o l u t i o n ,  d r i e d  
and  c o n c e n t r a t e d  u n d e r  r e d u c e d  p r e s s u r e .
I f  t h e  p r o d u c t s  w e re  t o  b e  c y c l i z e d ,  t h e y  w e re  n o t  
f u r t h e r  p u r i f i e d ,  s i n c e  i t  was c o n f i r m e d  by  i r ,  nmr a n d  vpc 
t h a t  t h e y  w ere  e s s e n t i a l l y  p u r e .
S e v e r a l  w e re  p u r i f i e d  by  d i s t i l l a t i o n  f o r  s p e c t r a l
w ork .
3 - ( 1 1- H y d r o x y c y c l o h e x y l ) - p r o p y l  t . - p e n t y l  E t h e r  ( 1 ) .
T h i s  compound was p r e p a r e d  a c c o r d i n g  t o  t h e  g e n e r a l  p r o c e d u r e .
From t h e  G r i g n a r d  r e a g e n t  f ro m  209 g (1 m o l)  3 - b r o m o - l - ( 1 , 1 -
d i m e t h y l p r o p o x y )  - p r o p a n e  a nd  7 8 . 5  g ( 0 . 8  m o l)  c y c l o h e x a n o n e ,
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140 g (77%) o f  1^ was o b t a i n e d :  bp 1 3 6 -1 4 0 °  ( 6  mm), [ l i t .
bp 1 4 8 -1 4 9 °  (10  mm)]; i r  (CHC13 ) 3360 ( 0 - H ) ,  1080 cm" 1 ( C - 0 ) ;  
nmr (CHC13 ) £  3 . 3 3  ( t ,  2 ,  J= 6 Hz, CH2 0 ) , 2 .9 3  ( s , l ,  OH), 1 . 4 8  
( m ,1 4 ,  a l i p h a t i c ) ,  1 . 1 3  ( s , 6 , CH-j-C-CH-j) , 0 . 7 4  ( m ,5 ,  CH2 -CH3 ) .
A n a l .  C a l c d  f o r  C , , H „ o0 „ :  C, 7 3 . 6 3 ;  H, 1 2 . 3 6 .  Found:  14 28 2
C, 7 3 . 7 6 ;  H, 1 2 . 4 6 .
3 - ( 4 1  - ^ . - B u t y l - 1 1- h y d r o x y c y c l o h e x y l ) - p r o p y l  £ - p e n t y l  
E t h e r  ( 5 ) . T h i s  compound was p r e p a r e d  a c c o r d i n g  t o  t h e  
g e n e r a l  p r o c e d u r e .  From t h e  G r i g n a r d  r e a g e n t  f ro m  209 g 
(1 m ol)  o f  3 - b r o m o - ( 1 , 1 - d i m e t h y l p r o p o x y ) - p r o p a n e  an d  123 g
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( 0 . 8  m o l)  £ - b u t y l c y c l o h e x a n o n e ,  150 g ( 6 8 %) o f  was o b t a i n e d :  
bp 115° ( 0 . 0 5  mm); i r  ( n e a t )  3430 ( 0 - H ) ,  1088 cm"'*' ( C - 0 ) ;  nmr 
(CHCl^) ( ^ 3 . 3 5  ( t , 2 ,  J  = 6 Hz, C ^ O ) , 2 . 8  ( b r o a d  s i n g l e t ,  1 ,  
OH), 1 . 6 0  (m ,13 ,  a l i p h a t i c ) ,  1 . 1 4  ( s , 6 , CH3 -C-CH3 ) ,  0 . 8 7  
( m ,1 4 ,  CH2 "CH3 , j t - b u t y l ) .
A n a l . C a l c d  f o r  C, 7 6 . 0 6 ;  H, 1 2 . 6 8 .  Found:
C, 7 5 . 8 5 ;  H, 1 2 . 5 6 .
P r e p a r a t i o n  o f  T e t r a h y d r o f u r a n s  From Hydroxy E t h e r s .  G e n e r a l  
P r o c e d u r e .
T h e  p r o c e d u r e  f o l l o w e d  was  m o d i f i e d  f ro m  t h a t  o f  R e n -  
30f ro w  e £  al_. A p p r o x i m a t e l y  20 g h y d r o x y  e t h e r  a n d  0 .1 5  g 
£ - t o l u e n s u l f o n i c  a c i d  m o n o h y d r a t e  w e re  p l a c e d  i n  a 2 - l i t e r  
r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  w i t h  a m a g n e t i c  s t i r r e r  a nd  a 
s h o r t  ( 1 0  cm) g l a s s - b e a d  p a c k e d  f r a c t i o n a t i n g  co lum n on t h e  
s t i l l  h e a d ,  w h ich  was a t t a c h e d  t o  a n  e f f i c i e n t  c o n d e n s e r .
The f l a s k  was p l a c e d  i n  a n  o i l  b a t h  and h e a t e d  t o  1 5 0 - 1 6 5 ° .  
When t h e  c o n t e n t s  o f  t h e  f l a s k  a h d  r e a c h e d  t h i s  t e m p e r a t u r e ,  
t h e  p r e s s u r e  was l o w e r e d  t o  a b o u t  25 mm t o  d i s t i l l  t h e  t e t r a -  
h y d r o f u r a n ,  a l o n g  w i t h  i s o a m y l e n e  a n d  w a t e r ,  f ro m  t h e  r e a c ­
t i o n  m i x t u r e .  T h i s  m a t e r i a l  foamed v e r y  b a d l y  a n d  n o n e  o f  
t h e  a n t i - f o a m  a g e n t s  u s e d  h e l p e d  t o  c o n t r o l  t h i s  p r o b l e m  
( S t a u f f e r  S i - 0 - K w e l  S S - 2 0 1 ,  S S - 2 0 3 ,  SS-211  and S S - 2 1 3 ) .
l - 0 x a - 8 - m e t h y l s p i r o [4 .5 ]  d e c a n e  (2^). T h i s  compound
was p r e p a r e d  a c c o r d i n g  t o  t h e  g e n e r a l  p r o c e d u r e .  Two grams
2 w e re  o b t a i n e d :  b p  8 9 - 9 1 °  (20 mm); i r  ( i s o m e r  A, n e a t )
2850 (C - H ) ,  2925 (C -H ) ,  1045 ( C - 0 ) ,  1070 cm" 1 (C-O ) ;  i r  
( i s o m e r  B,  n e a t )  2855 ( C - H ) , 2925 (C - H ) , 1065 ( C - 0 ) , 1088 
cm ^ ( C - 0 ) ;  nmr ( i s o m e r  A, CS2 ) cf 3 . 6 8  ( t , 2 ,  J  = 6 H z,  CI^O) , 
0 . 8 8  ( d , 3 ,  CH3 ) ;  nmr ( i s o m e r  B, CS2 ) ^ 3 . 6 6  ( t , 2 ,  J  = 6 Hz, 
C ^ O ) , 0 . 9 2  ( d , 3 ,  CH3 ) . The i s o m e r s  w ere  s e p a r a t e d  by  p r e ­
p a r a t i v e  g a s  c h r o m a t o g r a p h y  on 1 5 ’ 25% XF-1150  on C hrom osorb
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P ( 6 0 - 8 0  m e s h ) ,  1 4 0 ° ,  100 m l / m in ;  r e t e n t i o n  t i m e ,  i s o m e r  
A, :2  m i n ,  i s o m e r  B , : 3  m in ;  i s o m e r  r a t i o  5 7 ‘. 4 3 ,  r e s p e c t i v e l y .
A n a l . C a l c d  f o r  C ^ H ^ O :  C, 7 7 . 6 7 ;  H, 1 1 . 7 6 .  Found:
C, 7 7 . 3 9 ;  H, 1 1 . 8 4 .
l - O x a - 8 - t - b u t y l s p i r o [ 4 . 5 ] d e c a n e  ( 6 ) . T h i s  compound 
was p r e p a r e d  a c c o r d i n g  t o  t h e  g e n e r a l  p r o c e d u r e .  One g ram  6  ^
was o b t a i n e d :  bp  1 3 5 -1 4 0 °  (35 mm); i r  ( n e a t )  2860 (C -H ) ,
2950  (C -H ) ,  1040 ( C - 0 ) , ]070 ( C - 0 ) ,  1100 cm" 1  ( C - 0 ) ;  nmr (CC14 ) 
£  3 . 7 2  ( t , 2 ,  J  = 6 Hz, C l ^ Q ) , 0 . 8 8  ( s , 9 ,  _ t - b u t y l ) . S e p a r a t i o n  
o f  i s o m e r s  by  p r e p a r a t i v e  g a s  c h r o m a to g r a p h y  c o u l d  n o t  b e  
e f f e c t e d .  The co lu m n s  t r i e d  w ere  1 5 '  2570 XF-1150  on  Chromo- 
s o r b  P; 5 '  5% Carbowax 20M on Chrom osorb  W; 1 0 '  20% FFAP on 
6 0 / 8 0  Chrom osorb  P.
A n a l . C a l c d  f o r  C ^ ^ ^ O :  C, 7 9 . 5 9 ;  H, 1 2 . 2 5 .  Found:
C, 7 9 . 4 6 ;  H, 1 2 . 1 9 .
A t t e m p t e d  E q u i l i b r a t i o n  o f  t h e  A- and  B - l - 0 x a - 8 - t ^ - b u t y l -  
s p i r o  [ 4 . 5 ]  d e c a n e s .
I t  was n o t  p o s s i b l e  t o  e q u i l i b r a t e  t h e s e  i s o m e r s .  
S o l u t i o n s  o f  a m i x t u r e  o f  A- and  B - l - o x a - 8 - t - b u t y l s p i r o [ 4 . 5 ]  -  
d e c a n e  w e r e  p r e p a r e d  a c c o r d i n g  t o  t h e  f o l l o w i n g  p r o c e d u r e s ,  
a n d  s e a l e d  i n  1 - m l  a m p o u l e s .  T h e s e  a m p o u le s  w e re  t h e n  h e l d  
a t  room t e m p e r a t u r e  o r  p l a c e d  i n  a r e g u l a t e d  o i l  b a t h  f o r  
t h e  l i s t e d  t i m e .  The a m p o u le s  w e re  c o o l e d ,  o p e n e d  a n d  t h e  
a c i d  n e u t r a l i z e d  by t h e  a d d i t i o n  o f  a s l i g h t  e x c e s s  o f  t r i -  
e t h y l a m i n e .  A n a l y s e s  o f  i s o m e r  d i s t r i b u t i o n  w e r e  made by 
v p c ,  u s i n g  a 10* 57. Carbowax 20M on C hrom osorb  W c o lu m n ,  
co lu m n  t e m p e r a t u r e  1 2 0 ° .
T r i f l u o r o a c e t i c  A c i d . Sam p les  w e r e  made up w i t h  
com pound :  a c i d  r a t i o s  o f  2 0 : 1 ,  1 0 : 1  a n d  5 : 1 ;  1M w i t h  r e s p e c t
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t o  compound. C h l o r o f o r m  was ad d ed  t o  b r i n g  t h e  s o l u t i o n  t o  
1 m l ,  and  50- j^ l  s a m p le s  w ere  s e a l e d  i n  e a c h  a m po u le .  T h e r e  
was no c h a n g e  i n  t h e  i s o m e r  r a t i o  o f  1 .3 3  a f t e r  920 h o u r s  a t  
room t e m p e r a t u r e  o r  123 h o u r s  a t  8 0 ° .
H y d r o c h l o r i c  A c i d ,  M e t h a n o l . A 0 . 6  M s o l u t i o n  o f  
h y d r o c h l o r i c  a c i d  i n  m e t h a n o l  was p r e p a r e d  and t h e  compound 
d i s s o l v e d  i n  t h i s  t o  g i v e  r a t i o s  o f  c o m p o u n d :a c id  o f  2 0 : 1  
and  5 : 1 .  E q u i l i b r a t i o n s  w ere  r u n  a t  80° f o r  340 h o u r s  w i t h  
no c h an g e  i n  i s o m e r  d i s t r i b u t i o n .
To e l i m i n a t e  t h e  p o s s i b i l i t y  t h a t  t h e  m i x t u r e  was 
a l r e a d y  a t  e q u i l i b r i u m ,  a sa m p le  was p r e p a r e d  u s i n g  o n l y  
p u r e  A - l - o x a - 8 - t ^ - b u t y l s p i r o [ 4 . 5 ]  d e c a n e .  The same r e s u l t s  
w ere  o b t a i n e d ; t h e r e  was no B - i s o m e r  f o r m a t i o n .
A 0 . 5  M s o l u t i o n  o f  t h e  compound m i x t u r e  i n  b o r o n  
t r i f l u o r i d e - e t h e r a t e  and  a 0 .5  M s o l u t i o n  i n  g l a c i a l  a c e t i c  
a c i d ,  w h ic h  was 1 . 0  M i n  s u l f u r i c  a c i d ,  w e re  a l s o  p r e p a r e d .  
W i t h i n  a m i n u t e ,  t h e  s o l u t i o n s  t u r n e d  brown a n d  t h e n  b l a c k .
Vpc a n a l y s e s  showed b o t h  t h e  A- and  B - t e t r a h y d r o f u r a n s  w ere  
no l o n g e r  p r e s e n t .
P r e p a r a t i o n  o f  4 - t ^ B u t y l m e t h y l e n e c y c l o h e x a n e  (ji) . W i t t i g
R e a c t i o n .
The b a s e  u s e d  i n  t h e  p r e p a r a t i o n  o f  t h e  W i t t i g  r e a g e n t
37was t h e  m e t h y l s u l f i n y l  c a r b a n i o n .  T h i s  was p r e p a r e d  by  w a sh ­
i n g  a 9 . 1  g so d iu m  h y d r i d e / m i n e r a l  o i l  d i s p e r s i o n  ( c o n t a i n i n g  
4 . 8  g ( 0 . 2  m ol)  sod ium  h y d r i d e )  t h r e e  t im e s  w i t h  l o w - b o i l i n g  
p e t r o l e u m  e t h e r  and  d e c a n t i n g  t h e  e x c e s s  s o l v e n t .  The t h r e e ­
n e c k e d  f l a s k  c o n t a i n i n g  t h e  so d iu m  h y d r i d e  was t h e n  f i t t e d  
w i t h  an  o v e r h e a d  s t i r r e r ,  d r o p p i n g  f u n n e l ,  t h e r m o m e t e r  and  
r e f l u x  c o n d e n s e r  w i t h  a  n i t r o g e n  i n l e t  t u b e .
The s y s t e m  was c o n n e c t e d  t o  a  t h r e e - w a y  s t o p c o c k  w h i c h
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c o u l d  b e  o p e n e d  t o  e i t h e r  n i t r o g e n  o r  a n  a s p i r a t o r .  The 
p e t r o l e u m  e t h e r  was e v a p o r a t e d  a n d  n i t r o g e n  was a l t e r n a t e l y  
b l e d  i n  a nd  t h e  s y s t e m  e v a c u a t e d  t o  remove t h e  l a s t  t r a c e s  
o f  s o l v e n t ,
D i m e t h y l s u l f o x i d e  (50 m l)  was a d d e d  and  t h e  f l a s k  
h e a t e d .  A t  60° t h e r e  was a s t e a d y  e v o l u t i o n  o f  h y d r o g e n  g a s .  
The m i x t u r e  was h e a t e d  no h i g h e r  t h a n  7 0 - 7 5 °  u n t i l  e v o l u t i o n  
o f  h y d r o g e n  c e a s e d  ( u s u a l l y  20 t o  30 m i n u t e s ) .
To t h e  c o o l e d  s o l u t i o n  was a d d e d  3 5 . 7  g m e t h y l  t r i -  
p h e n y lp h o s p h o n iu m  b r o m id e  ( A l d r i c h  1 3 - 0 0 7 - 9 )  i n  100 ml warm 
DMSO. The s o l u t i o n  was s t i r r e d  f o r  t e n  m i n u t e s  a t  room 
t e m p e r a t u r e  t o  c o m p l e t e  f o r m a t i o n  o f  t h e  y l i d .
t ^ - B u t y l c y c l o h e x a n o n e  ( 1 7 . 2  g ,  0 . 1 1  m ol)  i n  50 ml 
warm DMSO was a d d e d  d r o p w i s e .  The m i x t u r e  was s t i r r e d  a t  
room t e m p e r a t u r e  f o r  o n e  h o u r ,  t h e n  warmed one h o u r  t o  50°  
a n d  c o o l e d .
W ork-up  was c o m p l i c a t e d  b y  t h e  p r e s e n c e  o f  c o p i o u s  
am o u n ts  o f  t r i p h e n y l p h o s p h i n e  o x i d e .  The b e s t  p r o c e d u r e  was 
t o  d i s t i l l  t h e  m i x t u r e  a t  5 mm t o  s e p a r a t e  t h e  p r o d u c t  f ro m  
t h e  t r i p h e n y l p h o s p h o n i u m  o x i d e ,  a l t h o u g h  some o f  t h e  l a t t e r  
was s t i l l  c a r r i e d  o v e r .  The r e s u l t i n g  t w o - p h a s e  s y s t e m  was 
s e p a r a t e d ,  w ashed  w i t h  w a t e r  a n d  d r i e d  (MgSO^). D i s t i l l a t i o n  
g a v e  6 . 5  g (39%) 4 - _ t - b u t y l m e t h y l e n e c y c l o h e x a n e  ( 8 ) :  bp  60°
(10  mm), [ l i t . 3 7  b p  7 8 - 8 0 °  (18 mm)];  i r  ( n e a t )  2850 ( C - H ) ,
2930 (C -H ) ,  3080 cm" 1  (C -H);  nmr (CC14 ) .S'4 . 5 5  ( s , 2 ,  = CH2 ) ,
0 . 8 4  ( s , 9 ,  _ t - b u t y l )  .
A n a l . C a l c d  f o r  C, 8 6 . 7 6 ;  H, 1 3 . 2 4 .  Found :
C, 8 6 . 5 0 ;  H, 1 3 . 1 0 .
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P r e p a r a t i o n  o f  4 - _ t - B u t y l m e t h y l e n e c y c l o h e x a n e  (j3) . C a i n e l l i  
M e th o d .
As an a l t e r n a t e  p r o c e d u r e  f o r  t h e  p r e p a r a t i o n  o f  J3,
38t h e  m e th o d  o f  C a i n e l l i  was e m p lo y e d .  Magnesium (24 g ,  1 
mol)  was a d d e d  t o  m e r c u r y  (600 g ,  45 m l ,  3 g - a t o m )  , andt
s t i r r e d  u n d e r  n i t r o g e n  f o r  s e v e r a l  h o u r s  a f t e r  t h e  e x o ­
t h e r m i c  r e a c t i o n  was c o m p l e t e .  S o d i u m - d r i e d  e t h y l  e t h e r  
(25 m l)  was a d d e d ,  f o l l o w e d  by  7 g ( 0 . 0 4  mol)  m e t h y l e n e  b r o ­
m ide  (E as tm an  1 9 0 3 ) .  T h i s  m i x t u r e  was s t i r r e d  f o r  t e n  
m i n u t e s  and  t h e n  a s o l u t i o n  o f  m e t h y l e n e  b r o m id e  (80 g ,  0 . 4 6  
m ol)  a n d  ^ - b u t y l c y c l o h e x a n o n e  ( 7 7 . 2  g ,  0 . 5  m ol)  i n  100 ml 
e t h e r  was s l o w l y  a d d e d ,  an d  t h e  s o l u t i o n  was r e f l u x e d  f o r  
one  h o u r  a f t e r  a d d i t i o n  was c o m p l e t e .
The e t h e r  s o l u t i o n  was d e c a n t e d  f rom  t h e  m e r c u r y  
" s l u d g e " ,  t h e  l a t t e r  h y d r o l y z e d  w i t h  d i l u t e  s u l f u r i c  a c i d  
and  t h e  r e s u l t i n g  s o l u t i o n  e x t r a c t e d  w i t h  e t h e r .  The 
e t h e r e a l  e x t r a c t s  w e re  co m bined  w i t h  t h e  r e a c t i o n  m i x t u r e ,  
w ashed  w i t h  w a t e r  and d i l u t e  b a s e ,  and  d r i e d  (MgSO^). Con­
c e n t r a t i o n  o f  t h e  e t h e r  and  d i s t i l l a t i o n  g a v e  39 g (51%) 8 j  
bp 6 0 - 6 5 °  ( 8 - 1 0  mm), [ l i t . ^  b p  7 8 -8 0 °  (18 m m )] , i r  a n d  nmr 
same a s  p r e v i o u s l y  r e p o r t e d .
P r e p a r a t i o n  o f  H y d r o x y m e t h y l c y c l o h e x a n o l s . G e n e r a l  P r o c e d u r e .
36F o l l o w i n g  t h e  p r o c e d u r e  o f  B a u m g a r te n  et: a l .  , t h e  
m e t h y l e n e c y c l o h e x a n e  compound ( 0 . 0 5  m o l )  was a d d e d  s l o w l y  w i t h  
v i g o r o u s  s t i r r i n g  t o  a  s o l u t i o n  o f  90% f o r m i c  a c i d  (60 g ,  1 . 1  
m ol)  a n d  30% h y d r o g e n  p e r o x i d e  ( lO g ,  0 . 0 8  m o l ) .  The t e m p e r a ­
t u r e  was m a i n t a i n e d  b e t w e e n  4 0 - 4 5 ° ,  by  e x t e r n a l  warming i f  
n e c e s s a r y .  A f t e r  a d d i t i o n  o f  t h e  a l k e n e ,  t h e  s o l u t i o n  was 
warmed a n  a d d i t i o n a l  s i x  h o u r s  a n d  t h e n  s t i r r e d  a t  room t e m p e r a ­
t u r e  o v e r n i g h t .
The s o l u t i o n  was s t i r r e d  f o r  s e v e r a l  h o u r s  w i t h  a s m a l l
89
am ount  o f  p l a t i n u m  b l a c k  t o  d e s t r o y  e x c e s s  p e r o x i d e .  The
s o l u t i o n  was t h e n  c o n c e n t r a t e d  ( R in c o )  t o  a b o u t  20 ml and
50 ml 10% so d ium  h y d r o x i d e  was a d d e d .  The b a s i c  m i x t u r e
was h e a t e d  a n d  s t i r r e d  f o r  a n  h o u r  a t  50°  and  t h e n  e x t r a c -
59t e d  s i x  t i m e s  w i t h  a t o t a l  o f  600 ml h o t  e t h y l  a c e t a t e .
The e t h y l  a c e t a t e  was e v a p o r a t e d  c a u t i o u s l y  i n  v a c u o .
4 - ^ - B u t y l - l - h y d r o x y m e t h y l c y c l o h e x a n o l  (7^). T h i s  
compound was p r e p a r e d  b y  t h e  g e n e r a l  p r o c e d u r e .  4 g (44%)
7 was o b t a i n e d :  mp 7 8 - 8 1 ° ;  i r  (CHC10 ) 3600 ( 0 - H ) ,  3450
”  J  - 1  
( 0 - H ) ,  1010 ( C - 0 ) ,  1040 ( C - 0 ) ,  1075 cm ( C - 0 ) ;  i r  (CCl^)
on Beckman I R - 1 2 ,  3690 (m ain  a b s o r p t i o n ) ,  3715 ( s m a l l
s h o u l d e r ) ,  3660  cm 1  ( l a r g e  s h o u l d e r ) ;  nmr (CHC13 )<^3.56
( s , 2 ,  a x i a l  CH2 ) , 3 . 3 9  ( s , 2 ,  e q u a t o r i a l  CH2) , 2 . 7 5 - 2 . 3
( b r o a d  s , 2 ,  OH), 0 . 8 7  ( s , 9 ,  t ^ - b u t y l ) ; nmr (DMSO) +20 Hz
( a x i a l  CH2 ) , +38 Hz ( e q u a t o r i a l  CH2 ) .
A n a l . C a lc d  f o r  ^ 1 ^ 2 2 ^ 2 : 7 0 . 9 2 ;  H, 1 1 . 9 0 .  Found:
C, 7 0 .6 8 ;  H, 1 2 .1 2
1 - H y d r o x y m e t h y l c y c l o h e x a n o l  ( 3 j . T h i s  compound was 
p r e p a r e d  by  t h e  g e n e r a l  p r o c e d u r e .  3 g (46%) .3 was o b t a i n e d :  
mp 7 3 . 5 - 7 5 ° ,  [ l i t . 3 6  mp 7 3 - 7 5 ° ] ;  i r  (CHC13 ) 3590  ( 0 - H ) , 3450 
( 0 - H ) , 1020 ( C - 0 ) ,  1035 ( C - 0 ) ,  1070 cm" 1 ( C - 0 ) ;  nmr (CHC13 ) 
£ 3 . 4 0  ( s , 2 ,  CH2 ) , 2 . 9 3  ( u n r e s o l v e d  t , l ,  OH), 1 . 5  ( b r o a d  s ,
1 0 ,  c y c l o h e x y l  p r o t o n s ) ;  nmr (DMSO) +29 Hz, +31 Hz ( d , 2 ,  CH2 ) , 
-2  Hz ( s , l ,  3°  OH), - 3 8  Hz ( t , l ,  1° OH),  J  CHg-OH = 7 Hz.
A n a l . C a l c d  f o r  C ^ H ^ 0 2 : C, 6 4 . 5 8 ;  H, 1 0 . 8 4 .  Found:
C, 6 4 . 3 9 ;  H, 1 1 . 0 1 .
60An a l t e r n a t e  p r o c e d u r e  was a t t e m p t e d  w h ic h  i n v o l v e d  
a n  11 I n - s i t u " g e n e r a t i o n  o f  p e r f o r m i c  a c i d .  1 Mol a l k e n e  was 
s u s p e n d e d  i n  1 -2 0  mol f o r m i c  a c i d .  To t h i s  was a d d ed  30% 
h y d r o g e n  p e r o x i d e  (1 m o l ) .  No b e t t e r  r e s u l t s  w e r e  o b t a i n e d .
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P r e p a r a t i o n  o f  T r i m e t h y l o x o s u l f o n i u m  I o d i d e .
T h e  p r o c e d u r e  o f  Kuhn a n d  T r i s c h m a n n ^  was  f o l l o w e d .
A s o l u t i o n  o f  d i m e t h y l s u l f o x i d e  (96 g ,  1 2 .3  m ol)  a n d  m e t h y l  
i o d i d e  (180 g ,  1 .2 3  m ol)  was r e f l u x e d  u n d e r  n i t r o g e n  f o r  
t h r e e  d a y s ,  d u r i n g  w h ic h  t i m e  t h e  s o l u t i o n  t u r n e d  s o l i d .  
C h l o r o f o r m  was a d d e d ,  t h e  s o l v e n t  rem oved  by  f i l t r a t i o n  an d  
t h e  s o l i d  w ashed  w i t h  c h l o r o f o r m  u n t i l  p a l e  y e l l o w .  R e c r y ­
s t a l l i z a t i o n  f ro m  w a t e r  g a v e  l a r g e  w h i t e  c r y s t a l s  (145 g ,
5470) , w h ic h  w e re  c r u s h e d  and  d r i e d  i n  a vacuum d e s i c c a t o r  
o v e r  p h o s p h o r o u s  p e n t o x i d e .
P r e p a r a t i o n  o f  t r a n s - 4 - . L - B u t y l m e t h y l e n e c y c l o h e x a n e  O x ide  
1 21■
T h i s  was p r e p a r e d  f r o m  d i m e t h y l o x o s u l f o n i u m  m e t h y l -
41i d e  a c c o r d i n g  t o  t h e  m e th o d  d e v l o p e d  by  Corey  . D i m e t h y l ­
o x o s u l f o n i u m  m e t h y l i d e  was p r e p a r e d  b y  rem o v ing  t h e  m i n e r a l  
o i l  f ro m  5 . 5  g o f  so d iu m  h y d r i d e  d i s p e r s i o n  ( 0 . 1  mol so d iu m  
h y d r i d e )  a nd  a d d i n g  0 . 1  mol o f  p o w d e red  t r i m e t h y l o x o s u l ­
f o n iu m  i o d i d e .  The f l a s k  was t h o r o u g h l y  c o o l e d  and  200 ml 
d i m e t h y l  s u l f o x i d e  ( d i s t i l l e d  f rom  c a l c i u m  h y d r i d e )  was 
s l o w l y  a d d e d .  The s t i r r e r  was n o t  s t a r t e d  u n t i l  a l l  t h e  
DMSO h a d  b e e n  a d d e d  and  c o o l e d  a n d  t h e n  c a u t i o u s  s t i r r i n g  by 
h a n d  was e m p lo yed  f o r  s e v e r a l  m i n u t e s  u n t i l  h y d r o g e n  e v o l u ­
t i o n  c e a s e d .  The m i x t u r e  was t h e n  s t i r r e d  and  a l l o w e d  t o  
warm t o  room t e m p e r a t u r e .  A f t e r  1 5 - 2 0  m i n u t e s  a t  room 
t e m p e r a t u r e ,  h y d r o g e n  e v o l u t i o n  c e a s e d .
To t h e  p a l e  b e i g e  s u s p e n s i o n  was a d d e d  4 - t > b u t y l -  
c y c l o h e x a n o n e  ( 1 5 . 4  g ,  0 . 1  m ol)  i n  warm DMSO o v e r  20 m i n u t e s ,  
w i t h  s t i r r i n g .  S t i r r i n g  was c o n t i n u e d  a t  room t e m p e r a t u r e  
f o r  15 m i n u t e s  a f t e r  a d d i t i o n  o f  t h e  k e t o n e  was c o m p l e t e  a n d  
t h e n  a t  50°  f o r  o n e  h o u r .
The d e ep  o r a n g e  s o l u t i o n  was c o o l e d ,  d i l u t e d  w i t h  300
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ml w a t e r  a n d  e x t r a c t e d  f o u r  t im e s  w i t h  a t o t a l  o f  o n e  l i t e r  o f  
i s o p r o p y l  e t h e r .  The  e t h e r  e x t r a c t s  w e re  w ashed  w e l l  w i t h  
w a t e r  ( t o  remove t r a c e s  o f  d i m e t h y l  s u l f o x i d e )  and  d r i e d  
(Na2C03 ) .
A f t e r  r e m o v a l  o f  t h e  e t h e r  ( R i n c o ) , t h e  p r o d u c t  was 
p u r i f i e d  by  vacuum d i s t i l l a t i o n .  Y i e l d  o f  t r a n s - 4 - t - b u t y l -  
m e t h y l e n e c y c l o h e x a n e  o x i d e  ( £ ) ,  10 g (59%): bp 6 6 - 7 5 °
( 2 - 4 . 5  mm), [ l i t . ^  bp  110 (13 mm)]; i r  ( n e a t )  2850 (C -H ) ,
2920 (C -H ) ,  1090 cm ^ ( C - 0 ) ;  nmr (CCl^)  ^ 2 . 4 6  ( s , 2 ,  e q u a ­
t o r i a l  CH2) > 0 . 8 9  ( s , 9 ,  t ^ - b u t y l )  .
A n a l . C a lc d  f o r  c ^^h 2 q0 :  C, 7 8 . 5 7 ;  H, 1 1 . 9 1 .  Found:
C, 7 8 . 5 5 ;  H, 1 2 . 0 7 .
P r e p a r a t i o n  o f  t r a n s - 4 - t - B u t y l - l - h y d r o x y m e t h y l c y c l o h e x a n o l  
( 7 ) .
44The p r o c e d u r e  o f  B e r t i  £ t  a l .  f a v o r i n g  n o r m a l  SN2 
e p o x i d e  r i n g  o p e n i n g  a t  t h e  l e a s t  h i n d e r e d  c a r b o n  was f o l ­
l o w e d .  A 0 . 3  N s o l u t i o n  o f  p o t a s s i u m  h y d r o x i d e ,  d i s s o l v e d  
i n  857o a q u e o u s  d i m e t h y l  s u l f o x i d e  (15% w a t e r  b y  w e i g h t ) ,  was 
p r e p a r e d .  The h y d r o l y s i s  was c o n d u c t e d  w i t h  a 1% ( w t / w t )  
s o l u t i o n  o f  t h e  e p o x i d e .
To 3 g ( 0 .0 1 8  m ol)  t r a n s - 4 - t - b u t y l m e t h y l e n e c y c l o -  
h e x a n e  o x i d e  was a d d e d  300 g 0.3K[ p o t a s s i u m  h y d r o x i d e  i n  85% 
DMSO-water s o l u t i o n .  The m i x t u r e  was s t i r r e d  f o r  s i x  h o u r s  
a t  100°  on a  s t e a m  b a t h  a n d  t h e n  c o o l e d  a n d  d i l u t e d  w i t h  250 
ml w a t e r .  The  w h i t e  p o l y m e r i c  s o l i d  w h ic h  p r e c i p i t a t e d  was 
f i l t e r e d  a n d  t h e  DMSO-water s o l u t i o n  was e x t r a c t e d  t h r e e  t i m e s  
w i t h  a t o t a l  o f  600 ml h o t  e t h y l  a c e t a t e .  The c o m b in ed  e t h y l  
a c e t a t e  e x t r a c t s  w e r e  w a sh e d  w e l l  w i t h  w a t e r  and  d r i e d  (Na2C03 ) .
Upon e v a p o r a t i o n  o f  t h e  e t h y l  a c e t a t e  ( R i n c o ) , 2 g 
(60%) o f  t r a n s - 4 - t - b u t y l - l - h y d r o x y m e t h y l c y c l o h e x a n o l  (7^) was
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o b t a i n e d :  mp 9 8 - 1 0 0 ° ;  i r  (CHCl^) 3625 ( 0 - H ) ,  359C ( 0 - H ) ,
1040 ( C - 0 ) ,  1030 ( C - 0 ) ,  1010 cm"1 ( C - 0 ) ;  nmr (CHC13 ) 3 .3 8
( s , 2 ,  CH20 ) ,  2 .6 3  ( s , l ,  OH), 0 . 8 8  ( s , 9 ,  _ t - b u t y l )  .
A n a l . C a lc d  f o r  C^^H2 2 ° 2 : C* ^ 0 . 9 2 ;  H, 1 1 . 9 0 .  Found:
C, 7 1 . 0 2 ;  H, 1 2 . 0 6 .
_3
A h i g h - d i l u t i o n  i n f r a r e d  s p e c t r u m  (1 x  10 M) t a k e n  
on t h e  Beckman IR -1 2  showed an  u n r e s o l v e d  OH a b s o r p t i o n  ( s e e  
F i g u r e  1 ,  A p pe n d ix  I ) .
R e a c t i o n  o f  t r g n e - 4 - t : - B u t y l m e t h y l e n e c y c l o h e x a n e  O x ide  ( 9 ) 
w i t h  85% DMSO-water.
To 3 g ( 0 .0 1 8  m ol)  t r a n s - 4 - t - b u t y l m e t h y l e n e c y c l o -  
h e x a n e  o x i d e  (9)  was a d d e d  300 g 85% DMSO-water. The m ix ­
t u r e  was s t i r r e d  f o r  s i x  h o u r s  a t  100° on a s t e a m  b a t h  and 
t h e n  c o o l e d  and  d i l u t e d  w i t h  250 ml w a t e r .  The DMSO-water 
s o l u t i o n  was e x t r a c t e d  t h r e e  t i m e s  w i t h  a  t o t a l  o f  600 ml 
h o t  e t h y l  a c e t a t e .  The co m bined  e t h y l  a c e t a t e  e x t r a c t s  w e re  
w ashed  w e l l  w i t h  w a t e r  a nd  d r i e d  (Na2C 0 g ) .
Upon e v a p o r a t i o n  o f  t h e  e t h y l  a c e t a t e  ( R i n c o ) , 3 g 
t r a n s - 4 - t - b u t y l m e t h y l e n e c y c l o h e x a n e  o x i d e  (9_) was r e c o v e r e d .
Nmr a n d  i r  o f  t h e  c r u d e  p r o d u c t  were  i d e n t i c a l  w i t h  an  
a u t h e n t i c  s a m p le .
P r e p a r a t i o n  o f  l , 3 - D i o x a - 2 , 2 - d i m e t h y l s p i r o [ 4 . 5 ] d e c a n e s .
G e n e r a l  P r o c e d u r e .
The 1 - h y d r o x y m e t h y l c y c l o h e x a n o l  ( 0 .0 1 6  m o l ) ,  20 g 
a c e t o n e  ( d r i e d  o v e r  c a l c i u m  s u l f a t e ,  1 g a n h y d ro u s  c o p p e r  
s u l f a t e ,  two c r y s t a l s  p - t o l u e n e s u l f o n i c  a c i d  and  75 ml 
m e t h y l e n e  c h l o r i d e  were  s t i r r e d  and  r e f l u x e d  o v e r n i g h t .
The m i x t u r e  was c o o l e d  a n d  f i l t e r e d  t h r o u g h  a s h o r t  (2" x  1 / 2 " )
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co lum n  o f  c e r t i f i e d  b a s i c  a l u m i n a ,  Brockman a c t i v i t y  I ,  w h ic h  
was t h e n  w ashed  w i t h  150 ml m e t h y l e n e  c h l o r i d e .  The s o l v e n t  
was rem oved  i n  v a c u o .
l , 3 - D i o x a - 2 , 2 - d i m e t h y l - 4 - £ - b u t y l s p i r o [ 4 .5 ]  d e c a n e s  
( 1 0 ) • F o l l o w i n g  t h e  g e n e r a l  p r o c e d u r e ,  3 g ( 0 . 0 1 6  m ol)  o f  
a m i x t u r e  o f  c i s -  and  t r a n s - 4 - t - b u t y l - l - h y d r o x y m e t h y l c y c l o -  
h e x a n o l s  g a v e  2 g (55%) o f  a m i x t u r e  o f  c i s -  and  t r a n s m i t ) ,  
mp 5 3 . 5 - 5 7 ° .
A n a l . C a l c d  f o r  ^ i i ^ 2 ( P l '  7 4 . 3 4 ;  H, 1 1 . 5 0 .  Found:
C, 7 4 . 2 3 ;  H, 1 1 . 6 2 .
S e p a r a t i o n  o f  i s o m e r s  was e f f e c t e d  by  p r e p a r a t i v e  
g a s  c h r o m a t o g r a p h y ,  8 '  257o SE-30 on C hrom osorb  P ,  1 9 0 ° ,  100 
m l / m in ;  r e t e n t i o n  t i m e s  9 .7 5  a n d  1 1 .2 3  m in .
The i s o m e r s  w e re  r e l a t e d  t o  t h e  p a r e n t  d i o l s  by  r e a c ­
t i n g  t r a n s - 4 - 1 - b u t y l - 1 - h y d r o x y m e t h y I c y c l o h e x a n o 1 w i t h  a c e t o n e  
a c c o r d i n g  t o  t h e  g e n e r a l  p r o c e d u r e  and  c o m p a r in g  r e t e n t i o n  
t i m e  a n d  nmr s p e c t r u m  o f  t h e  p r o d u c t  w i t h  t h e  p r o d u c t s  
o b t a i n e d  f ro m  t h e  m i x t u r e  o f  c i s -  and  t r a n s - d i o l s . I t  was 
f o u n d  t h a t  t h e  i s o m e r  w i t h  r e t e n t i o n  t i m e  o f  9 . 7 5  m i n u t e s  was 
t h e  t r a n s - i s o m e r .
A n a l . C a l c d  f o r  7 4 . 3 4 ;  H, 1 1 . 5 0 .  Found;
C, 7 4 . 2 4 ;  H, 1 1 . 7 4 .
t ^ r a n a - 1 , 3 - D i o x a - 2 , 2 - d i m e t h y l - 4 - t ^ - b u t y l s p i r o [ 4 .5 ]  - 
d e c a n e  ( 1 0 ) .  A f t e r  p u r i f i c a t i o n  by  v p c ,  p u r e  t r a n s - 10 was 
o b t a i n e d :  mp 5 3 . 0 - 5 4 . 0 ° ;  i r  (CHCLj) 1 3 7 0 ,  1380 (CH3 ) , 2870
( C -H ) ,  2940 (C -H ) ,  1054 cm- 1  ( C - 0 ) ;  nmr (CHC13 ) i  3 . 8 9  ( s , 2 ,  
O-CHg-O), 1 . 5 9  ( s , 6 ,  CH^),  1 . 0 8  ( s , 9 ,  t ^ - b u t y l ) .
c i s - 1 , 3 - D i o x a - 2 , 2 - d i m e t h y l - 4 - t - b u t y l s p i r o [ 4 . 5 ] - 
d e c a n e  ( 1 0 ) . A f t e r  p u r i f i c a t i o n  by  v p c ,  p u r e  c i s - 10 was 
o b t a i n e d :  mp 5 4 . 5 - 5 6 ° ;  i r  (CHCLj) 1 3 7 0 ,  1380 (CH-j), 2870
94
(C -H ) ,  2940 (C -H ) ,  1058 ( C - 0 ) ,  1084 cm"1 ( C - 0 ) ;  nmr (CHC13 )
£  4 . 0 3  ( s , 2 ,  O -C l^ -O )  , 1 . 6 0  ( s , 6 ,  C H ^ ) , 1 .0 7  ( s , 9 ,  t ^ - b u t y l ) .
l , 3 - D i o x a - 2 , 2 - d i m e t h y l s p i r o [ 4 . 5 ] d e c a n e  ( 4 ) . F o l l o w ­
i n g  t h e  g e n e r a l  p r o c e d u r e ,  1 g ( 0 . 0 8  m o l )  1 - h y d r o x y m e t h y l -  
c y c l o h e x a n o l  g a v e  1 .0 5  g (62%) l o w - b o i l i n g  4;  i r  (CHCl^)
2860 (C -H ) ,  2940 (C -H ) ,  2980 (C -H ) ,  1 3 5 0 ,  1360 (CH3 ) , 1055 
( C - 0 ) ,  1080 cm 1 ( C - 0 ) ;  nmr (CHC13 ) ^ 4 . 0  ( s , 2 ,  O - C I ^ - O ) .
A n a l . C a lc d  f o r  ^ i o ^ 1 8 ^ 2 : ^ 0 . 5 9 ;  H, 1 0 . 5 9 .  Found:
C, 7 0 . 3 7 ;  H, 1 0 . 5 9 .
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APPENDIX 1 
BECKMAN IR -1 2  SPECTRA
S o l u t i o n s  f o r  h i g h - d i l u t i o n  s t u d i e s  w e r e  p r e p a r e d  i n
-3
ca r b o n  t e t r a c h l o r i d e  a t  a p p r o x im a t e ly  1 x  10 m o la r  
c o n c e n t r a t i o n s .  The s p e c t r a  b e tw e e n  3900  and 3300  cm-  ^
w ere  d e te r m in e d  u s i n g  a Beckman IR -1 2  i n f r a r e d ,  d o u b le  
beam, g r a t i n g  s p e c t r o p h o t o m e t e r ,  w i t h  a s e l e c t e d  s l i t  
w id t h  o f  1 . 3  mm a t  3300  cm- '*'. The s o l u t i o n  was c o n t a in e d  
i n  a 1 0 .0  cm Beckman q u a r t z  c e l l  and was b a la n c e d  i n  t h e  
r e f e r e n c e  beam w i t h  a m a tch ed  c e l l  c o n t a i n i n g  s o l v e n t .
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F i g u r e  1
IR S p ectru m  o f  t r a n s - 4 - t - b u t v l - l - ' h v d r o x v in e t h v l c v c l o ' h e x a n o l








M ix tu r e  o f  c i s -  and t r a n s - 4 - t - b u t y l - l - h y d r o x v m e t h v l -
c y c l o h e x a n o l  { ! )
APPENDIX 2
PERKIN-ELMER IR -3 3 7  SPECTRA
I n f r a r e d  s p e c t r a  d e te r m in e d  on t h e  P e r k in -E lm e r  
3 37 g r a t i n g  s p e c t r o p h o t o m e t e r  w ere  o b t a in e d  in  t h e  
s o l v e n t s  i n d i c a t e d .
F ig u r e  3 .  3 - ( 1 ' - h y d r o x y c y c l o h e x y l ) - p r o p y l  t - p e n t y l  e t h e r .  ( 1 ) .  Spectrum  in
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Sp ec trum  o f  l - o x a - 8 - m e t h y l s p i r o  g . s l d e c a n e .  C o rn e r  A^2 . Spec trum
run n e a t
Figure 5 continued.
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F ig u r e  9 .  1 #3 - D io x a -2 ,2 -d im e t h y l s p ir o | j 4 .5 ] J d e c a n e  ( 4 ) .  Spectrum  in  c h lo r o f o r m .
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Figure 10. trans-1 # 3-D io x a - 2  f 2 -d im e th y  l - 8 - _ t - b u t y l s p i . r o  ['4.5] d eca n e  
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N u c le a r  m a g n e t ic  r e s o n a n c e  s p e c t r a  w ere  d e te r m in e d  
i n  t h e  s o l v e n t s  i n d i c a t e d  on a V a r ia n  A -6 0  s p e c t r o m e t e r .
A l l  s p e c t r a  ta k e n  i n  d im e t h y l  s u l f o x i d e  and a l l  s p e c t r a  
o f  t h e  1 , 3 - d i o x a - 2 , 2 - d i m e t h y l s p i r o  [ A . 5 ^ d e c a n e s  w ere  t a k e n  
w i t h  t e t r a m e t h y l s i l a n e  (5% s o l u t i o n  i n  c a r b o n  t e t r a c h l o r i d e )  
i n  a s e a l e d  c a p i l l a r y  t u b e  i n s e r t e d  i n  t h e  sa m p le  t u b e .  
R e s o n a n c e s  i n  DMSO s o l u t i o n s  w ere  m e a su r e d  from  t h e  
l o w - f i e l d  s a t e l l i t e  o f  DMSO, 227 Hz d o w n f i e ld  from
TMS.
F ig u re  12
S p ec tru m  o f  3 (1 ■ - h y d r o x y c y c l o h e x y l ) - p r o p y l  t - p e n t y l  e t h e r  (1) i n  c h lo r o f o r m .
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S p e c tru m  o f  3 ( 4 * - t - b u t y l - l , -h y d ro x y c y c lo l ie x y l )  - p r o p y l  t - p e n t y l  
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P e a k s  A a t  100 c p s  
sw eep  w i d t h  .
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Figure 15
S p e c tru m  o f  3 ( 4 ' - t - b u t y l - 1 ’h y d r o x y a y c l o h e x y l ) - p r o p y l  t - p e n t y l  e t h e r  (5 ^ .
S p ec tru m  i n  DMSO.
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S p e c tru m  o f  l - o x a - 8 - m e t h y l s p i r o [ 4 . 5] d e c a n e .  I so m e r  A -2 . S pec tru m  i n
c a r b o n  d i s u l f i d e .
HI-1-J
Figure 17
Spectrum  o f  l - o x a - 8 - m e t b y l s p i r o [ 4 .5 ^ d e c a n e .  I som er  B - 2 . Spectrum








F i g u r e  18
S p ec tru m  o f  1 - h y d r o x y m e th y lc y c lo h e x a n o l  (3) i n  
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Figure 20
M ix tu r e  o f  4 -h y d r o x y m e th y lc y c lo h e x a n o l  (3) and  4 - t - b u t y l - l - h y d r o x y m e t h y l  
c y c lo h e x a n o l s  (1) i n  c h lo r o f o r m .
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Figure 21
Spectrum  o f  1 - h y d r o x y m e t h y lc y c lo h e x a n o l  (3J i n  DMSO
P e a k s  A a t  
100 cp s  sweep w id th
w1* *
1Figure 22









S p e c tru m  o f  t r a n s - 4 - t - b u t y l - l - h y d r o x v m e t 'h v l c v c l o h e x a n o l  (t r a n  
( p r e p a r e d  from  t r a n s - 4 - t - b u tv l m e t h v le n e c v c lo h e x a n e  o x i d e ) . 
S p ec tru m  i n  c h lo r o f o r m .
100300 200CPS 400
F ig u r e  24
Spectrum  o f  1 , 3 - d i o x a - 2 , 2 - d i m e t h y l s p i r o  
[ 4 . 5] d eca n e  i n  c h lo r o fo r m .
Tau
300 100200CPS 400
F ig u r e  25
S p ec tru m  o f  t r a n s - 1 , 3 - d i o x a - 2 , 2- d i m e t h y l - 8 - t - b u t y l  






F i g u r e  26
c i s - 1 , 3 - d i o x a - 2 # 2 - d i m e t h y l - 8 - t - b u t y l s p i r o I l 4 . 5^  d e c a n e  
(c i s - 1 0 )  i n  c h lo r o f o r m .
I t
[ . T n u ^











J i i f \
Figure 27
X, 3 - D io x a - 2 , 2 - d i m e t h y l s p i r o  [ 4 . 5]  d e c a n e .
o
L o w - te m p e ra tu re  sp e c t ru m  ( -7 9  ) i n  
c h lo r o f o r m - m e tb a n o l - d 4 .
A  A
M eth an o l  t e m p e r a t u r e  r e f e r e n c e
300 100200CPS 400
F ig u r e  28
M ix tu r e  o f  c i s -  and  t r a n s -  10 and u n s u b s t i t u t e p  
k e t a l  4 i n  c h lo r o f o r m .  !
100 c p s
Tau
100300 200CPS 400
F i g u r e  29
M ix tu r e  o f  c i s -  and  t r a n s - 1 0  and  u n s u b s t i t u t e d
k e t a l  4 i n  c a rb o n  t e t r a c h l o r i d e
c p s  swe^p w id th100
Tau 130
TABLE OF CHEMICAL SHIFT DATA USED TO CALCULATE CONFORMATIONAL EQUILIBRIA °
^OH3
Compound S o lv e n t  T em perature J
3 - ( 1 'H y d r o x y e y e lo -  DMSO 3 5 °  2 3 1 .0
h e x y l )  - p r o p y l  j t - p e n t y l  
e t h e r  (1)
t r a n s - 3 -  ( 4 1 -J t - B u t y l -  
1 ' - h y d r o x y c y c l o h e x y l ) -
p r o p y l  j t - p e n t y l  e t h e r  (jj) DMSO 35 2 2 2 .5
c i s - 3 - ( 4 1- t - B u t y l -  DMSO 35 2 4 0 .1
1 *- h y d r o x y c y c l o h e x y l ) -  
p r o p y l  t_ -p e n ty l  e t h e r  (5)
1 - H y d r o x y m e th y lc y c lo -  DMSO 35 2 3 0 .0
h e x a n o l  (3J
c h lo r o fo r m  35
b
^ ch2 o
2 0 6 .0
m eth a n o l-d ^ 35 1 8 7 .8
TABLE OF CHEMICAL SHIFT DATA USED TO CALCULATE CONFORMATIONAL EQUILIBRIA (cont.)
Compound S o lv e n t T em perature s OH ch2o
t r a n s - 4 - t - B u t y l -  
1 -h y d r o x y m e th y l -  
c y c lo h e x a n o l  (_7)
DMSO
C h loroform




2 2 5 .0
2 0 2 .5
1 8 4 .2
c i s - 4 - t - B u t y l -  
1-h y d ro x y m eth y 1 -  
c y c l o h e x a n o l  (J7)
DMSO
c h lo r o fo r m
m e th a n o l-d ,
35 2 4 2 .0
2 1 3 .0
1 9 8 .0
TABLE OF CHEMICAL
Compound
1 , 3 - D i o x a - 2 ,2 - d i m e t h y l  
s p i r o  [ 4 . 5 3 d eca n e  (4)
t r a n s - 1 , 3 - D i o x a - 2 , 2 -  
d i m e t h y l - 8 - t . - b u t y l -  
s p i r o  [ 4 .5 ]  d e c a n e  ( 1 0 )
SHIFT DATA USED TO CALCULATE CONFORMATIONAL EQUILIBRIA ( c o n t . )
b
S o l v e n t  T em perature
£ OH5 j  CH20
Om e th a n o l-d ^ -  35 2 2 2 .6
c h lo r o fo r m -d
(90 :10 )
c h lo r o fo r m -d  35 2 3 9 .3
DMSO 35 2 2 5 .6
m e th a n o l-d ^  35 2 1 4 .0
ca r b o n  t e t r a -  35 2 2 6 .0
c h l o r i d e
m e th a n o l-d ^ -  35 2 1 7 .4
c h lo r o fo r m -d
c h lo r o f o r m - d  35 2 3 4 .0
DMSO 35 2 2 1 .5
m e th a n o l-d ^  35 2 0 9 .3
ca rb o n  t e t r a -  35 2 2 2 .8
c h l o r i d e
TABLE OF CHEMICAL SHIFT DATA USED TO CALCULATE CONFORMATIONAL EQUILIBRIA (cont)
OH
Compound
c i s - 1 , 3 - D i o x a - 2 , 2 -  
d i r a e t h y l - 8 - _ t - b u t y l -  
s p i r o  t 4 . 5 ]  d e c a n e  (1 0 )
S o l v e n t
m e th a n o l -d ^ -  
c h lo r o f o r m - d





2 2 6 .0
2 4 2 .2
DItfSO
m eth a n o l-d ^
ca rb o n  t e t r a ­




2 2 9 .0
2 1 8 .0  
2 2 9 .0
a .  T e r t i a r y  h y d ro x y l  r e s o n a n c e s  m easu red  i n  Hz d o w n f ie ld  from  TMS.
b .  R e so n an ces  o f  e x o c y c l i e  -CHg- p r o t o n s  w ere  m easu red  i n  Hz d o w n f ie ld  from
TMS.
c .  A l l  s p e c t r a  w ere  r u n  a t  60 MHz.
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